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Two Notable Textbooks 





Smith’s Commerce and Industry 


By J. Russert Smitu, Professor of Industry in the Wharton School of Finance and 
Commerce of the University of Pennsylvania. 554 pp. 12mo. $1.40. 


ScHoot Science AND MATHEMATICs:—The volume attempts to explain how the in- 
dustries of man are more or less determined by his environment, how the climate affects 
man, how the soil upon which he lives furnishes him materials for shelter, wearing ap- 
parel, and food to eat. The major portion of the book is devoted to a discussion of the 
conditions as they exist in the United States. Latin America receives her due proportion, 
and the Orient comes in with its dueshare. The trade routes of the world are thoroughly 
discussed and outlined by charts. The text is profusely illustrated by original photo- 
graphs, drawings, and charts . . . . written in a most interesting and fascinating man- 
ner. Scholar and layman will be equally interested in perusing its pages. There are 
appended several pages of statistics of great value... . It is a book which every 
person interested in the welfare of his country should purchase, read and study. . 


Kellogg and Doane’s Economic Zodlogy and 
Entomology 


By V. L. Ketxoce and R. W. Doanz of Stanford University. 532pp. 12mo. $1.50, 


Enrip Hennessey, Marshall High School, Chicago, Ill.: 

In my opinion, it is the best book for use in secondary schools that I have seen. It 
contains the information that I want to give to my classes. The economic side appeals 
to high school pupils more than does the purely scientific viewpoint. 


CxHarues P. Sicerroos, Professor of Zoédlogy, University of Minnesota: 
It is an extremely good and useful book for secondary school work, and should have 
a very large use in high schools of Minnesota. 


R. F. Bourne, Kansas City Veterinary College, Missouri: 

I have decided to list this as our:regular text for the coming season. The general 
scope of the work, as well as the manner of presentation, make it a very great improve- 
ment over anything we have used heretofore. 


C. V. Preer, Bureau of Plant Industry, Washington, D. C.: 

The authors have very wisely combined with a technical treatment of each group of 
animals, valuable information concerning their relations to mankind. While the lack of 
usefulness of much zodlogical knowledge may not be a sound reason for neglecting it in 
the school, it is quite certain that a book which brings sharply to the young students’ 
attention the importance of animals to man, will make more impression than one where 
the chief emphasis is placed on the purely zodlogical interest which an animal may possess. 





Henry Holt and Company 


34 West 33rd Street 6 Park Street 623 South Wabash Avenue 
NEW YORK BOSTON CHICAGO 
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CHANGING CONDITIONS IN THE KENTUCKY MOUNTAINS 
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Fig. 1 Bre s-eEYE View or THE KENTUCKY MOUNTAIN REGION, based 


Kentucky Geological Survey and the topographic maps of the U. S. G. S The extent 
of Pine Mountain shown is about 90 miles The key to the map follows: 1, B 

2. Buckhorn; 3, Cumberland Gap: 4, Cumberland Mountain: 5, Cumberland R 

6, Greasy Creek: 7, Hindman: 8, Jenkins: 9, Levisa Fork. Big Sandy Rive ww, I 
Fork; 11, Middlesboro; 12, Middle Fork Kentucky River; 13, North Fork Kentucky 
River 14, Oneida; 15, Pine Mountain; 16, Pine Mountain VPostoffice 17, Pir , 
Gap: 18, Pound Gap (° Trail of the Lonesome Pine ': 19, Prestonburg 20, Red 


River; 21, South Fork Kentucky River 


SETTLEMENT 


In the sixteenth century, James I. introduced Scotch settlers 
northern Ireland, who became the Scotch-Irish. Some of them emi- 


grated to America: and their descendents, augmented by English. native 
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Fic. 2 SouTH ForK KENTUCKY RIVER NEAR BOONEVILLI 
ing as soldiers of the south. After the war many returned home. B 
the growth of the formal education and the broade1 
whi were stimulated bv the war. has been slow. 

In 1878, Shaler, of the Kentucky Geological Survey, sav 
eastern, and then most inaccessible portion of the region, me Q 
squirrels and rabbits with old English “short-bows” and wrot 

These were not the contrivances of DOVS of to day but were made and strung, 


and the arrows hefted, in the ancient manner. The men, some of them old, were 


admirably skilled in their use; they assured me that, like their fathers bef 
them, they had ever used the bow and arrow for small game, reserving the cost 
ammunition of the rifle for the deer and bear. 

Recently outside cap tal has begun to develop the coal and 
resources of the region, a fact which is bringing about many changes 


the mountain country, and that rapidly. As a result, the inhabitant 


v the sudden mingling of 


are facing the crisis brought about | 


tive people with the exploitative phase of modern civilization. 
CHANGING CONDITIONS 
We shall now turn to the changing conditions within the mountains, 


and consider 


} 


the natural resources. first of all, the mineral wealt!] 


Mineral Resources 


\t an early period iron and salt within the region were 


of considerable traffic. but not now. Oil, gas and clays, althoug 


in progress of exploitation for the past two decades, do not promise 
become important. 
Coal is the chief mineral resource of the region. The seams 


in every county, increasing in number and thickness towards the so 
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- nge In siz 0) 99 acres; 19 p :, () 
s: and 18.5 per { n 20 to 49. Thea Lo 
n 1910 was $310.70 (Ker ( $536.20 SOLD 
iv al { l = l a a 
$32.3 (hk { _ SSO: ndiana. $190) \h 4 
: l cre L909 \ . 
I) 1) 2 
| ( Ss 1 19090 was ~ 
\ s an , >? million. veo an 2S 
i a il > 5 | tal l ( ’ ‘ 
! 841.744 1 es oa ’ 
56.403 ‘ | 19 } ¢ 510. Some 1 39% - 
potatoes, 5,673 to swee ) s and ims, and !0.7] 
(a staple 00a n en ntains ) sore m was . 5 ) 
es, al ay and forage on 162.944 acres. There w 8 R9 
trees out of a total of 2.425.047 fru rees Pea . ( S 
to apples. 
| ( iverage pro ) corn per acre " 1909 in o 2 
18.7 shels: in Kent 24.2: in Indiana, 40 S 0 
figures for wheat were 9.9; 12.8; and 16.3. Similar 
were 76.6: 91.8: and 99.4. The respective figures in tons of forag 
acre were .8: .9: and 1.2. 
The shale soil, which is most common, is fairly fertil 
good crops of corn under good cultivation, on gentle slopes Che 


causes for the low product 


lack of crop rotation. The 


vitv are steep slopes, poor 


shale soil washes less than almost an 


soil under like circumstances. The wonder is that the soil produces as 


much as it does, 


A few vears ago Berea 


+7) “2 } — . ’ F 
(ollege, with the he p of the | nited Sta S 


government, employed a special investigator and demonstrator to w 


with the mountain farmers within reach of Berea. The success was su 


that a number have been 


heavy breaking plows are 
harrow is appearing in the 


replacing the one-mule plow, and the dis 


appointed in other localities (About eT" 


mountains. More than twice as many shal- 


low cultivators as sing shovel and double-shove] nlows Were sold | 


Berea last spring. The practise of sowing cowpeas and rve for forage 
and turning under is spreading, 
+} 


Crop rotation is displacing 


Further education in agriculture is being 


and st ttl ment sche ols, as 


as is the use of « ymmme celal fertilize 


he fallow system. 


riven at the missio1 


at Oneida, Hindman. Buckhorn and Blackie. 





The m1 


hand power. 


linsey-woolsey 


recently, the 
} a | 
roods outsid 


theretore the 


ment School 


in 1914, 


Tl 


e 


al 


(CHANGING 


CONDITIONS 


" nes 
} 
a | 7 ‘ o 
l/ 
ta 
‘ , 
ae rey ~ 
11 = 
‘ al 
n 1910. 1 
{ oTow ( \s ( 
I ] ( 1 ‘ ] (, 
: H ir : 
The Tene) 
(al Met \\ ( 
Estab ~e “~ : 

- Estab . ' 
ments isi Ove _ 
1.156 $87.22 1853 14 
9.560 10.886 51.101 9,174 

are sma and «drivel n gen 
Machine-made goods from the 

] } yy 
cloth, counterpanes and baskets 
issionaryv and settlement s 

of the mountains 17 , ' 
na Sstries are ] Oo ' i 
Hindn r ex R 
wavs vs he 4 “ 














114 THE SCIENTIFIC MONTHLY) 
distilling increased grea fter e imposition of the lic 1 
Civil War. In 1877 eg ernme! cvan to suppress rs o 
' In e regi B ISS2 the s rema oft the aw ha een esta < 
} But 1! ISO4 the liquol taX Was increased irom ninet cents 
: aollal ten cents, wW ( resulted In increased moons ning 
cour s ive ( vo ( whi encourages ‘ | 
\ e coal-mining centers low oe” is increasing great 
i 
W < ¢ broug l er veut es al ni? e () 
rie 0 ‘ } ¢ SA ( Pouns (aap poimbte \ | 
) \} |? gs r ae \ , 0 o ‘ P \ 
d 
gril 9 ull the sp = e want | ! Vv where el . . 
. i ‘| { { ‘ { ! = 4) ( 
4 rocks mis One ) ey a strang r 
h 
4 
' 











rm n sf ~ ! ss t ss H] 
cra © { del ( 1? 1 ! a l rece l ( 
t rprerst i ~ 7 } 

Son } rn ex >a ¢ Ts) I’ = ?) } er i el 

n a side brane rm m ovel » a ! 

sone ted him to a ( ! ( m te vo stralg ! 
Cc Presently eC Was stal ne the ¢ rota < S 
ana I men Tac | hin er re ’ rs ona ri ( Cl \ er sta 
ing that his business was mer one of curosity. al after answering 7 
a host of questions put sharply, he was required to drink som 


liquor. Then he remained with the men for an hour, talking wit] 


and watching them at work Upon leaving he was offered a gi: 


tek pecan 





Al 


iN 


CONDITIONS 


CHANGING 


rena 


\\ 


Wi 




















116 THE SCIENTIFIC MONTHL) 
influenced greatly every phase of life always, and bad connections y 
he outside have isolated the country since 1850. Of a total of 17.432 


miles of road, there were within the entire region. in 1904. 83 miles « 


faced with stone, and four miles with gravel. The present wae 
Telg t is said to be about 44 cents py r ton-mile. The average na to! 

a load of cross ties is from eight to ten miles, and about eight to twelve 
es constitute a load. Logs delivered at the railroad for twenty « g 








Fic. 8 A PRIMITIVE MOUNTAIN HOME, NEAR BUCKHORN. THE TOP OF THI 
“MOUNTAIN ” IS ABOUT 500 FEET ABOVE THE HOUSE, 


per load are said to consume sixteen dollars in transportation. At 
coal shaft mined by two mountaineers near Boonville, good canne! coal 
sells for seven cents per bushel. The cause is poor transportation. From 
Buckhorn to the railroad is eight miles. A team will make this 
for four dollars in good weather. The charges in this case are about 
88 cents per ton-mile. The average cost of transportation in the Un 
States by wagon is 25 cents per ton-mile. 

The old law that every man must work on the roads six days annu- 


ally is enforced feebly. By a statute passed in 1894, road taxes can be 


levied by the county. and a road commissioner appointed. But this new 
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Population 
| ~ nh ¢ role r now to summarize the chang. Y CONdCITIONS among 
people of the mountains, In 1910 the total mountain populat Vas 


OOLSS1, representing an increase ol 18 per cent. over that of 1900 
(Kentucky: 2.289.905: 6.6 per cent.). Figs. 9 and 10 show the ge 

in population in Kentucky and the mountains since 1860. There was 
average of 45.4 people per square mile in 1910 (Wentuecky, 56.9: th 
ana. 74.9). The density is greatest along the main river routes ai 
mining sections. The people continue to be distributed as clans 
vallevs, which are surprisingly heavily populated. Of necessit 


people depend upon the lower slopes of the hills as much as upon 


{ | 
ound s 


limited bottom lands, their “ shoe-string farms” being 


along little gullies as well as in broader vallevs. A few farms are o1 
the mountain sides, especially on benches or * coves ” of somewhat gent! 
= 


sloping land, formed above some massive sandstone ledge. The averag 
size of the mountain family is about 5.2 (Kentucky, 4.6: Indiana, 4.1). 
The rural population increased 17.1 per cent. in the last decade (Ken- 
tucky, 4.2 per cent.). There was no urban population (people living 

towns of 2,500 or more) in 1870. In succeeding decades, as Ash- 
land and Middlesboro developed as centers of coal mining, it num- 
hbered 3.280: 7.466: 17.428: and 24,004. These two cities are w 


in the region in having a population greater than 5,000; but they s 


/ 


will be joined by Jenkins and Hazard, about which coal mining 


veloping rapidly. In 1910 less than one half of one per cent. of th 
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Fic. 11, THe GENTLE SLOPE, DUE TO AN OUTCROP OF SHALE, HAS MAI 
FOR THIS MOUNTAIN HOME TO BE RELATIVELY PROSPEROUS Near Hindm 


and Hungarians. By 1920 the number of foreign born will hav 
creased greatly. In 1900 about two per cent. of the population we 
negro, and in 1910 two and one half per cent. In three counties 
were no negroes; and in sixteen, less than 20. 

The problem presented in the region by the rapid increase in 
lation with no corresponding increase in foodstuffs probably is 
greatly overdrawn in the following statements by a mountain gra 
of Berea College: 

The pioneer of 1850 who sat in his front door watching the deer rove the 


unbroken forest, to day sitting in the same place can see acres of spoiled farn 


land. A few years ago the people produced enough on their farms to suppor 


_ 


themselves. To-day one half of the food consumed is brought in by the mer 


Twenty-five years ago our hillsides produced forty bushels of corn per 
less than twenty 


chants, 
To-day the average yield of corn per acre is a little 


acre, 
The independent farmer of 


five bushels. (In 1909 it was 18.7 in the region. 
yesterday has been transformed in the last few years to a man dependent upon 
his staves and ties for support. Now, his farm is grown up in bushes, and his 
timber supply is almost exhausted. ... Such is the condition of a vast number 
of our mountain farmers. 


or f sons ani 


There is an emigration of the mountain families, 
daughters, particularly from the marginal counties, where a fringe 
progress and 


mountain territory has been put in touch with outside | | 
humanity, and where mountain peoples are buying adjacent lowlands if 


Some are moving to Oklahoma and the far west. This in part accounts te 
q 


Not all of the emi- 


for a decrease in the population of five counties. 
grants become Lincolns (he was of their stock), though the mountan 


f our age, tends 


including Mr. : 


mind, not having been subjected to the specializations o 


to remain fluid. Indeed many leaders in the mountains, 


> 


J. C. Campbell, secretary of the Southern Appalachian division of the 
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CHANGING CONDITIONS IN KENTI¢ 


Russell Sage Foundation, have informed mx 
these emigrants who go untrained into the « st 
outside world tare poo! is | Was str ng I 


a mountall pass Dy my guide, Who sald that 


gone to Arkansas and has written for him to come als 
formed me that he is “athinking about it smu 


thinks he will go. 
and again. “ Would it feeda man? What ist 


“ Does that land produce ther 


high are the mountains, and the color of the soil, is it r 
me as how it is a clay soil. But clay soil won’t produc 


abouts hit won't produce much more’n grass.” | 


realize that far awav Arkansas Is a large stat \ a 

topography. | felt hopeless!v that wher ~ 

land in the country of promise, he thought « ter 

acres of bottom land of his home hemm« 

it true it that’s what the world is, mountain and s 

to go; some tells me not. I might go and 

produce. I’m afraid that if I go, n ! ‘ 

if the soil won’t produce, I'd have to come back, an’ then 
Public health S not as vood as i ight be expected at 


The situation has been summarized | Miss Vi eft 


tucky Mountains”) as follows: 


Endurance and muscular strength are common, but a stro. 


A) I 


~ ‘ ‘ ~ 
a 1 

e Ke 
constitution is 


exceptional. Bad housing and sanitation, ill-cooked and insufficient food, ex- 


posure to weather, and 
have been augmented by a close intermarriage of families and by 


large use of liquor. 








poverty, have had their detrimental effects, which 


an inordinately 
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board pews, the hov 


| ut ¢ ol ! l hah S QUuICcCKe! il { 
l tas strong. \ mor shield w did me I og ! 
\ O people are la 
Abe wo generations ago trachoma penetrat ( 
s spreading rapid!]~, despite the efforts « e state al set 
s ls, and the federal government. Of over 4,000 people exan 
e counties, 12.5 er cel had this disease A re 
W. C. T. U. Settlement School at Hindman, by Miss | 
r of * Mothering on Perilous,” names twet ve p 
at locality \denoid and turbinate cases are comn P} 
Murdock savs that several « nies held at is Presb 
Buckhorn revealed that ninety per cent. « ose examined wel 
ookworm. Splet work is being done, but the area ‘ 
s a vast one, and assistance is neede oreattly supers ns 
eases are visitations ol Lor ( ( orne wl resigi 
tppearinYg s W 
Che people cor € poo! In 1900 land was w x 
re, and 1910, $9.66 (Kentucky, $13.24 and $21.83; Indiana, 
and $62.36). The average value of all farm property per farn 
was $860: and in 1910 it was $1.359 (WKentuel $2,007 a 
Indiana. $4.410 and $8,396) The average value o mn 
er farm in 1910 was $247 (Indiana, $1,230) 
Institutions 
Chere is great nee ( luecation. In 1900, 24.5 pe 
oters were illiterate, aa a decade later, 20.7 per cent. ( Ine 
and 13; Indiana, 5.6 and 4.1). In eight counties L900, 
voters constituted from 30.5 per cent. to 59.5 per cent. 0 
1910, 61.6 per cent. of the children, ages six vears to twe 
school (Kentucky, 60.8: Indiana, 66). Corresponding figures 
lren from six vears to fourteen vears were 73 (Kentu 76) 
However, improvement is being made. In 1900, ere W 
than 20 counties without a local publication. Now, there ai 
ounties without a press, and several have more than oné 
Formerly, the term of school lasted but three months 
The teachers received no training except in the common scho 
buildings were tiny. two or three teachers in some cases t i] 
same room. But now, the term lasts six months (closing at { 
owing to bad roads). Also, many of the teachers receive some 
n the normal! department of the settlement and missiona 
Furthermore. there is but one teacher in each room, thoug 
no library, few modern desks, and little equipment. In one 1 
school visited by the writer in 1914, the pupils were sitting 
s on one side of the room and the girls on 
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Fic 13 MANUFACTURING IN THE HEART OF THF HILLS NEAR PINE MOUNTAIN 
POSTOFFICE, 


1? 


anxious to vel ir sons out ol danger, are wont to urge them to att 


] 


school at Berea College and elsewhere. 
Though in some sections enthusiasm for education is becoming grea 


g lack of interest on the part 


in others there is great apathy, because of 


yf the people, lack of practical teaching, illiterate teachers, povert 


poor roads and political interference in school affairs. In some distri 
it is still thought by the schoo] trustee that “the lickenest teacher ma 


the knowinest younguns.” Changing conditions are indicated by a 


n which two teachers appeared in the same school room, ea 


incident 


the pu 


determined to become the sole teacher. The following among the } 
was about equally divided at first, but presently they moved away f1 


the teacher using the “ A, B, C” method and grouped themselves abx 


the more progressive instructor who was following the sentence met : 
The broad effect is being made to teach the people how to work and ! 
according to modern ideas, and yet to retain the desirable traits of th ; 
own civilization. This is a delicate task, involving mu more thi : 
merely academic training. 

Religion is undergoing transition slowly. Formerly if a speaker ; 
not shout and gesticulate he might be termed a good speaker but no 5 
good preacher. The early attitude towards the settlement workers was ; 
indicated in a mountain sermon in which the congregation was told t ; 
“beware of the fetched on women who come in here wearing 
watches, and their shirt fronts starched so slick that a fly would slip of 
and bust out his brains.”” But, a vear later, the mountaineer said t 
since these women were administering to the needy under conditions s 
harsh that even the mountain people would not venture out, “ I allow as i 
how thev are welcome to stav in the mountains as long as I live Or 
mountain patriarch, who has given his farm and essentially his all 











CHANGING CONDITIONS 1.\ Vil Ch) I2s5 


founding a settlement school in the valley of : me, g S 

his reasons for doing so essentially as follows: at there was 
whiskey and wickedness in the community where his gra —— 
be reared “ was a serious thing for him to stu ibout.” Also. he hear 
two of his neighbors say that there is neither heav r hell. ll 
more, one ot them told him that when a mat Ss dea ‘ ~ ist the san 
as a dumb beast. And another said that he ild not real s large 


family of children to be as mean as he wished. With these cond 


in mind the founder hoped that by starting a good school he “ wi 


help moralize the country. Formerly the Presbyteria n was 
most prevalent, but it gave way to the “ Hard-shell ” Baptist ereed. si) 


in the mountains the educational qualifications for the latter were less 


severe than for the former. The disciples of this religion have in tur 
given way before the “ Missionary Baptists.” Methodists are als 


numerous. The most vivid disputes in the mountains were wont to be 


about religion. But now there is a significant nge toward tolera- 
tion in that preachers frequently exchange pulpits with pastors of othe 


denominations, and that the use of a church is often tendered to another 


denomination which temporarily is without 


place of worship. The 
following can be interpreted as a groan of growth. “The church it 


eour holler, hits about dade. Part ov the folks want an eddicated 


so they don’t get nary one.” 


preacher, and parts wants an old timer, ar 
The funeral preaching had become the sole opportunity for social gathe 
ing until the recent advent of * camp meeting week,” and the comir 
the extension school on wheels. 

Changing conditions have not vet affected greatly the politica 
tion in the mountains. Since the Civil War so mar f the i itant 


have been Republicans that partv arguments have been one-sided. ar 


; the contests have been within the organization. U1 of feeliy n 
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Fic. 15 A MOUNTAIN Sctoo rhe 5 teacher also “ holds 
n this building 


mountains gives thie representatives considerable pow 
Legislature. Political discussions are said to be confi 


stump speeches concerned with national issues, and he 


er ll Lin stat 
ead in enera 


‘nce are oO (tle 


help concerning local problems. However, since the mountain men are 


} 
f 


good at politics, some make a profitable business « 


Recently in some sections some are said to hav turned tl 


the school, for the sake of profit in the appointment of 


the trustee runs for office upon a platform-statement 
ors. In some sections the vote runs high in schoo 
it is light on other matters. An increasing number o 
hool affairs. Another favorite field of the politician is 
road taxes. 
Deep-seated prejudice, due to poverty, exists against 
kind. In 1906 the per capita state-and-county tax was 


ward County, in the Blue Grass, while in the mountain 
$.40 in Elliott County to $1.75 in Harlan. Little retu 
by taxation of lumber and mineral resources. 

The feud was transplanted from Europe into the 
Kentucky Mountains, and elsewhere. It survived am 


valley of the mountains, where it was fostered by folk- 


resentment of the Indian fighter and pioneer, and the habits of thought 


natural in isolated communities where for a long time t 
sheriff nor jury, and where, even to this day, the gover 
been able to inspire confidence or dread. The Civil 


Hie ocu CO 


teachers. T ere 


electrons, 
women vote 


’ } 
it ana 


taxation Of any 
$4.62 for Wood- 
Ss ll ranged irom 


rns are obtained ; 


Blue Grass, the 
’ 


. 1 
one the isoiated 


song, the flaring 


} 41 
nere was nel 


te 


yment hardly has i 


War greatly in- 


creased and intensified the feud: Prior to 1860, few weapons had heen 


used in the mountains, and few deaths had resulted. 


1860 there were 10.098 slave w and 1.280 free colored re 


grew sharp between the Union and Confederate cout 


In the region in 
ople. The lines 


ities, aS Well as 
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nae 


etween Opposing families, and between op sing . 


with ‘ rors wh e mou S pe , 
is Salad DV the mountalnh peop i 
I¢ (is as range Prov 10 t OU oT x 
‘ ! 1 te Lt) 4 2 , He] . 1() 
eople ive had a personal dith S S 
i not ‘0 per cent. ot them nve ron © = 
defend a case; and that ha Oo eC el ate 


e music on a showdown 


e deciine the teud ul n othe : < . » 
Gap (“ Trail of the Lonesome Pine”), neat n 
men were led in three months during S 9] 

Phe me, also, Is chang! One still ‘ : 
cabin wit s “ dog-tro eC On ssag \ 
son vofs are of shingles, a S01 
ire appearing, al ri Mountain sin 
trates Vy one ma \ ) said Il wa L. - 
or the fai ind one fol mpa ea ’ 
orne! ind a lean-to cook roon 
e f wing Is a seriptr 1) , 
shy } S ne ry nta S 
‘ Three days are ample to build a log-eabin twent feet j ‘ I} 
before the roof is called a ‘‘pole pen.’’ This 1 few . 7 
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Fie, 17. THe OneErmpa Baptist INstTitutTe, founded by John Burns, of the moun 


trees sufficient to build a cabin complete are often standing on an acre. With 
the roof up, and stone chimney on the outside, and the big fireplace opening into 
the room, the young people can begin housekeeping. A few saplings will make 


a bed frame fastened to the logs in one corner, and a bed without a tick, two 


feet thick, of fresh pine needles, gives a sense of luxury to the newly married pair 
Customs and Habits 
It must be remem be red that there are all orades of soe 
mountains, and that no general description can be applied as 
case. 
Woman is inferior to man in both number and posit In 191 


the males numbered 289,315, and the females, 27 

a household drudge, but a field hand as well (Out-of r wo! 

itself, of course, does not constitute drudgery.) She s vs 
hind him as thev trudge over the mountain. A mounta 

being asked how manv brothers he had, answered me mp \ 
But concerning the number of sisters, he drawled: * Oh. three 


The modern Woman Movement hardly has penetrated 
when it does, it will meet orthodox opposition. However, wome 


creasingl\ in some districts. Furtherm: 


vote in school affairs 
ot] er collece, W 


and there, a girl returns from Berea, or some 
strange to her people. Perhaps this explains the wi 


bit of modern adornment, now seen sometimes on the quaint 
We were pushing through a deep forest in climbing over a ridge 


le girdle, or othe 


y Cont et 
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tains This was the scene of the taker 
Before us were two children, walking in 
and a girl a year vounger. Our youthful 
tion and remarked; “ They were married 
get married that early hereabouts: but we 
ment school don’t calculate to get n ( 
‘Store clothes” have displaced mes 
unfavorable in the appearance of the me: 
schools are reviving the home-weavn Gg 
' belt is beginning to rival the suspend: 
The quaint Old English | nevuag 
slow It is be ming ervsta ( : 
: was Wol e bh sy 
' 
: asion In a reminiscence : 
: ministe! ! 1) ne S rile ‘ 
: is text: “If they shall fall aw 
‘ 


‘If they shall fall 


who knows anything about the English la 


away,’ means that ti 


tm poss ble mood and er last a tense! 
Cher iso comes tT | 

Honey, I’m glad to be back fron 

the restinest place to lav your eves o1 


about to 


There is 
English and Scotch ballads. and 


with slight modifi from 


cation, 





Howard 


té 
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0 romantic ove, hale, sacrilice and revenge are sub In almost a 


log cabins. ‘Thereby the visitor, who mav have thought that the 


mountaineers neither weep nor smile, learns with delight that thei 
natures are intensely fluid. ‘The songs are sung in slow time, and 


minor tones difficult to express in written music. An effort is bein 
made to collect the words and write the music before it becomes too lat: 
The open hospitality, once common, is shrinking. An old man in his 
watermeion patch put it thus: *1[ used to raise melons for the w 
valley, so that the folks would come to sit and talk with me on the por 
while we ate them. But now too many foreigners have come 1 
would eat me out of home.” There is a kindly affectionate courtes 
or one another among the people, which, it 1s hoped, will survive. 


There is such a great need for improvement in sanitation 


periods of rest between. In fifteen days of travel I saw, duri 
these “off” periods in September, but two men at work in th le 
It has been his wont to work during the favorable time, or whe 
larder is empty; or to rest during the unfavorable season, or while pr 
visions are at hand. ‘Therefore, in general, the population is unsuit 
to the routine of work in the mines, the manufacturing plants, ar 
lumbering camps, now appearing in the region under the control « 

side capital. Furthermore, it is without a disposition to cooperat: 
Hence such workers are at once the despair and menace of the en 


and the labor union. Consequently, foreign labor is imported, and 


mountain man is in the way, as was the Indian. He will not necessa1 
become happy if. to meet modern industrial conditions, he throws 
licht } ld titnad try “dl life os wl throne! ntve { | 

Lot) nis ola attitude toward iife gained throug centuries ot ada 


tion in the mountains. <A few of the most versatile natives are profiting 
by the rapid changes; but the great majority, formerly independ 
land-owning farmers, are not. Many are seeking employment in n 
or mine, or are withdrawing to the headwaters. It is significant 

the leaders in the mountains, native and mission, deplor« 

advance of industry into the region, and that they are bending 

effort to prepare a civilization over a century in arrears, to meet the 
shock of the worst of our culture. In the 1911 term of court, Per 
County, being invaded rapidly by railway construction, had nearly 600 


1 


cases: Owsley County. without access to railwavs, had less than 40 cases. 


A mountain guide in Pound Gap lamented, “ The devil is coming int 


eo 


] 


the mountains on wheels.” Eight years ago I rejoiced with a clean 
deli 


Mountains buovant because he had doubled his fortune by securing som: 


htful, energetic man who was returning home from the Kentuc! 


oO 


of the virgin forest at an absurdly low price. He was bringing wealt 


and good cheer to his northern family. Now, with those slopes in mi! 


deforested, gullied, scorched, and sold (“unloaded”), I am not rejoi 





CONDITIONS 





f H {VGING 


Present . With tie ncerease Ol WW ilation 


(utsice might do the tolowlng 1 : ‘ 
Ql Lhe coal and timber so ! wil O 
‘ ng vu roads ass st In ‘ ty 
ines to close the gap between n : 
» STO raising iruit rowing . 
forest Some of the results w ( 
ace as a unl the addition ot a ippyv. } : 
0 » Tnited States the prevel 1 O ( ‘ 
ind of flood: and the utilization of wate 
There is one thing more which mig! : 
out that men break down under the tensio1 
unless they, somewhow, are brought into 
and get away for frequent moments ot C f 
government owns our national parks: the 
e financial reach of the average worker. 
establish numerous small parks in the S I \ l 
lands, which would become the recreation g : 
east of the Miss ssippi River. 





1d States, the wastes may be re Limed 
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: 
e Capitol, and whose very name suggests the swamps al 
alations. ‘The summer and autumn dangers of the Campagna wert 
well known to the Roman satirists, Horace and Juvenal, who also met 
on the mosquito-net (conopeum). The close attention which the 
Roman architects paid to the construction of splendid aqueducts 
ains shows their intuitive feeling about these things. A numbe1 
Roman writers on agriculture and architecture attributed malaria : 
ases to swamps, tO the emanations from them, and to the sma 0 
eatures found in them. As these citations, first given by Laneisi 
lwavs quoted in the original Latin, it may be well to translate then 
Varro (116—27 B.c.), writing on husbandry, says: 
It should be noticed whether any localities are marshy, for the same rea 
and because, when they dry up, certain minute animals are engendered, wh 
the eves can not see and which get into the body through the air by way of the 
nouth and nose, causing troublesome d fFeases, 
Vitruvius, the architect (first century B.c.), says: 
The vicinity of a marsh is to be avoided, because, when the morning airs 
each the house at sunrise, the mists of these places arrive with them, and the 
nd, mixed with these vapors, spreads the poisonous exhalations of the creatu 
inhabiting the marsh, and so makes the place pestilential. 
Columella, the agriculturist (first century A.D.), says: 
Nor should buildings be erected near a marsh nor a military road adjoi 
t, because through heat it gives forth noxious poisons and engenders anima 
armed with dangerous stings, which fly at us in dense swarms, 
Palladius savs. i s poem on agriculture (fow century A.D.): 
\ marsh is by all means to be avoided, especially one lying to the east 
west, and usually drying up in summer, because it engenders pestilence and ha 
ful animals. 
These extracts show that from the second century B.c. to the fo 
entury A.D. and after, the Romans had a clear notion o e Tr 
etween the fauna of marshes and malarial fever. The Hindus wen 
ven further. In the Susruta, a Sanskrit medical treatise which 1s 
least 1,400 years old, the symptoms of malarial fever are clearly described 
and attributed to the bites of certain insects. Hints as to the connect 
between marshes and malarial fever will be found scattered throug 
secular literature evervwhere, for instance, In the dismal illustrations 
the first edition of Mrs. Trollope’s “ Domestic Manners of the Am« 
icans,” representing the ague-ridden inhabitants of the banks of t 
Mississippi, or in such a tale of the marshes as Baring-Gould’s 
*Mehalah.” Dr. Holmes, in “ The Autocrat,” likened the intermittent 
forms of malarial fever to certain short-lived insects—in that tly 
‘skip a day or two.” | 
In 1618. the Countess Chinchon, wife of the viceroy of Peru, was . 
i 


healed of an intermittent fever by the use of cin hona bark. whi 





























of organisms and whence their multitudes are ft] to the 


the water, which the nhabitants e f g 
ganisms 

Cap. XVIII., IX p. 66 Further e, 1 t i 
among professional men concerning the ha f effect hich tl 
swamps inflict upon us by mixing their nox ‘ th the 


gastro-intestinal fluids. For, as I have shown above t length, tli 
i ivs wet and, as all their era a I 
possible that the juices rolling dowr th f , 
ire not there mixed with our ferments | i 
that marsh nsects are highly injurious the 
f deadly } es as well as by the witl awa ft the | 
Cap. XIX., Il p. 72): Moreover, take the 
ph loso} her f I, without exper ments, vent eto a t! 
this sort, the orms penetrate and ascend the | 
necessary that the blood of those suffering fron h feve 
hich me al reason seldom admits; and to caret é e the i 
microscope for nsects of this kind, if such tl ‘ ‘ But " 
might be seen in the drawn blood 
should be considered as the cause of the « ‘ ethe } 
probable, it is the product of the breaking « f tl 
i minute ovules, after they have been rapyp | i 
i Set free or are suy plie 1 from the external air I i tl 
: from autopsies whether these diseases are ul 
Being rather content with a confession of my , 
concede that neither in abscesses due to nature or } ‘ i f i 
who frequently come from the neighboring an 
nation of dead bodies, have I found insects in the i than the 
and intestines, where thev found room. quietude a ea 
G. M. La , ** De noxiis paludun fll 
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elsewhere For the rest, through the supreme goodness of God, I have never 


been called upon to treat the plague, and, for this reason, I gla 
from expressing a definite opinion concerning pestiferous Worms In the 
as being a thing I know almost nothing about. 

Lancisi also shows that good drainage drives awav fevers. The gre 
aquecducts and drains of the ancient Romans had apparently been de 


signed for this purpose, and, through the Middle Ages up to the nin 


1 


teenth century, the Papacy made many efforts to drain the Pontine 


Marshes and to cultivate the deserted Campagna, methods of sanitation 


’ | ] ; 


wl ( Ross summal zes as the “ principk of mosquito reduction.” Tort 
at Modena, introduced cinchona bark into Italian practise, and 
use differentiated the pernicious forms, which do not yield to treatment 


} 


and of which he gave the classical account (1712). He also introduc 


the term “ malaria.” from the Italian mal’aria (bad air). ‘The express 


term, first emploved in English by John Macculloch, in his treatis 


‘Malaria ” (1827), epitomizes the earlier theory of its causation, 
that it is due to miasms or effluvia, 7. e., gaseous emanations given off 
stagnant water or even by the earth itself. 

The next step in the history of malarial fever was the discover 
the } 1 asites causing the d sease. The theorv that diseases may be caus 
vy minute livine organisms, invisible to the naked eve, is also very ol 
is plain from the above citation from Varro. It was first stated in s 
tific form by Fracastorius, in his treatise on contagion (1546), and 
by Athanasius Kircher (1658), who investigated minute organisms v 
the microsecone In 1730, as cited bv Professor W. S. Thaver. The 
Fuller, an English physician of the eighteenth century, made the follow 
ing quaint suggestion that malarial fever may e caused b n 
organisitis : 

Can any Man, ean all the Men in the World, tho’ assisted by Anaton 


Chymistry, and the best Glasses, pretend positively and certainly to te 


what particles, how sized, figured, situated, mixed, moved, and how many of 


them are requisite to produce a quartan ague, and how they specifically differ 


from those of a tertian? 


Agostino Bassi. who discovered the microorganisms causing SI 
worm disease, relates that the physician Rasori of Milan said to him 
his discovery : 

[ am fully persuaded of the truth of your useful discovery For many 
years I have held the opinion that the intermittent fevers are produced 


parasites which call forth a new paroxysm by the act of their reproductior 


which oceurs at more or less rapid intervals according to the diverse species. 


In this way, the intermittent fevers, quotidian, tertian, quartan, arise (1846 


In the meantime, Jacob Henle had published his essay “ On Miasn 


} 
rot 


and Contagia”’ (1840), stating his theory of living contagia, with r 


ence to Bassi’s work; and, in 1849, Dr. John K. Mitchell published his 


treatise “On the Cryptogamous Origin of Malarious and Epiden 
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ROSS AND MALARIAL FEVER 





























Fevers.” in which these diseases are attribut » minute fung 


] essav is a landmark in the history of the doctri f contagion, 





” , 
our purpose, the most important sentences In it e the following. 
ring to the causation of malarial fevers: 
; Whatever may be their cause, it seems to have activity almost solely at 
5 
night. Darkness appears to be essential to either its existence or its power 


Yet, strange to say, Mitchell, carried away . 
cause, says nothing whatever about mosquitoes, whi Wel 
be recognized more and more as agents in the p1 
and yellow fevers. In an old ordinance of Freetown, Sierra Li 
dated 1812, and cited by Kennan, the inhabitants (mostly freed slaves) 
are enjoined to keep the road in front of their ts 7ood col 


} 


order to prevent the formation of “stagnant pools w venerat s 


ease and mosquitoes over the town” (Ross). In 1848, Dr. Josiah ( 
Nott, of Mobile, Alabama, advanced the provisional theory that y W 
fever and malarial fever are of “ probable insect or animale 
It is sometimes asserted that Nott regarded the mosquit us 
malarial fever as proven. The only statement in his brilliant 
rambling essay which suggests anything of th nd is the t 
paper itself, viz.,“ Yellow Fever contrasted with Bilious Fever—Reas 
for believing it a disease sui generis. Its mode of Propagation—R 
Cause—Probable insect or animalcular origin, ete.’ 
The explanation of Nott’s statement is simple. H: 
of malaria, as every one else did, from Lancisi. In 1854, Louis Dai 
Beauperthuy, a French physician residing in Ven 
nite species of mosquito as the cause of yellow fever, hi 
poison is injected under the skin by the insect, as in sna ite. In 1866, 
Salisbury attributed the causation of malarial fever to spores of 
vegetable family Palmella, and in 1879, Edwin Klebs and 7 
j Crudeli announced the discovery of a Bacillus malaria, neither of 


availed as the true cause. The next few years witnessed a sudder 


os 


knowledge. On November 6, 1880, Alphonse Laveran, a Fren 


surgeon, working at Constantine, Algeria, discovered the parasit 


malarial fever, and in 1881, described three of its forms. In 1881 
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Dr. Carlos J. Finlay, after making a series of eareful bionor : 






tions and some inoculation experiments, annour that vellow 





transmitte d from man to man bv a specia species f mosa 






(Stegomyia® calopus), a theory which was to hb proven in the I! SI 


rigorous way by Major Walter Reed, of the U. S. Army Commission, a! 






2J.C. Nott, New Orleans Med. and Sura. J , 1847-8, IV., 563-60] See 
on this point the essay of Dr. Juan Guiteras, ‘‘Insect-borne Diseases in Pat 
America,’’ Habana, 1915, p. 33. 

3 Finlay, An. r. Acad. de cien. med... . d Habana, 1881-2, XVII, 
147-169, 
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his associates, Carroll, Lazear and Agramonte, in 1900. Prior to Finlay 
however, Sir Patrick Manson had, in 1879, demonstrated that the mos- 
quito transmits the disease produced by the parasite Filaria. In 1883, 
Dr. A. F. A. King, an English physician residing in Washington, D. C., 
gave nineteen cogent reasons why mosquitoes should transmit malarial 
fever and suggested screening the city from the marshy Potomac flats. 
In 1884, Carl Gerhardt demonstrated that malarial fever can be trans- 
mitted from the sick to the healthy by inoculation of the blood of th 
former,‘ in other words, as Ross says, “‘ that the disease is not due to any 
gaseous emanation from the marshes, but is a true infection by some 
living virus.” This laboratory demonstration of Gerhardt’s may be said 
to have abolished the Miasm Theory of malarial fever. In 1885-6, 
Camillo Golgi,’ at Pavia, showed that the Laveran parasites reproduce by 
formation of spores, and that the paroxysm of fever begins, as Rasori 
- had surmised, just when the spores are liberated. That the parasites of 
the different forms of intermittent fever are different from each other 
and that similar parasites are found in birds was speedily shown 
Marchiafava, Celli, Grassi and other Italian observers. In 1884, 
Laveran, and, about the same time, Koch, suggested that mosquitoes, as 
abounding in marshy places, may play the same part in malarial fever 
which Manson had shown them to play in filariasis. In 1894, Manson, 
in drawing a parallel between the malarial organism and Filaria noc- 
turna, suggested that “the mosquito having been shown to be the agent 
by which the Filaria is removed from the human blood vessels, this, or 
a similar suctorial insect must be the agent which removes from th 
human blood vessels those forms of the malaria organism which ar 
destined to continue the existence of this organism outside the body. It 
must, therefore, be in this or in a similar suctorial insect or insects that 
the first stages of the extra-corporeal life of a malarial organism ar 
passed.”® It is just at this point that the work of Ronald Ross looms 
large in importance. 

Lieut.-Col. Sir Ronald Ross, K.C.B., F.R.S., the son of General Sir 
C. C. G. Ross, an eminent English soldier, was born on May 13, 1857, 
received his medical education at St. Bartholomew’s Hospital, Lond 
graduated in 1879, and entered the Indian Medical Service in 1881. 
He began to study malarial fevers in India in 1889. Doubting th 
truth of Laveran’s discovery, he at first, after the fashion of Broussais, 
regarded the infection as the result of intestinal auto-intoxication. 
Reing in London in 1894, he became acquainted with Manson’s mosquito 
theory and upon returning to India the next year, undertook to verif) 

4C. Gerhardt, ‘‘Ueber Intermittensimpfungen,’’ Ztschr. f. klin. Med., 
Berl., 1883-4, VII., 372-377. 

5 C, Golgi, ‘‘Sull’ infezione malarica,’’ Arch. per le sc. med., Torino, 1886, 
X., 109-135. 

6 Manson, Brit. Med. Jour., Lond., 1894, II., 1306. 











Co et rtedaiine 


* 
: 









































Parkes Me 


essay on “ Malarial Fevers: their Cause and Prevention,” Mans 
Sir Almworth Wright being among the judges of the eleven essays pre- 
sented. This essay simply summed up what he! earned from M 
Lancisi and his successors held that the malarial parasite or poison 
may somehow be carried from the marshes to man juitoes. Man- 
son, applying the analogy of his theory of the transmission of filariasis 
by the mosquito, thought that the insect carries t parasite from n 
to the marshes, laying her eggs on the surface of the water and dying 
in the act of doing so. He inferred that the embryos of the malarial 
parasite infect man by the digestive tract through the drinking of con- 
taminated water. 
it had been completely disproved by the Italians. Marchiafava (1885) 
Marino (1890) and Zeri (1890), whose careful experiments showed 
it is impossible to infect healthy persons Dy the ingestion of water 


the marshes. 


he found that certain large cells in the withdrawn blood give off long 
motile filaments, like the tentacles of the squid, which were supposed by 
Grassi, Bignami and other Italians to be the effect of the death agony of 
the parasite in vitro. Manson inferred that these filaments are in reality 
flagellate spores which escape from the parent parasites taken from tl 

patient’s blood by the mosquito and develop into the matured fon 

afterwards found in other malarial blood. So far, his theory explained 
how the parasites escape from the blood of an infected patient into the 
external world via the mosquito. But the important question was, how 
do they get into the body of a healthy patient and infect him with 


malarial fev 


hypothesis of the infection of the alime ntary tract by drinking water 
falls to the ground completely. The real point of attack was obviousls 
the motile filaments. He began his work at the malaria-ridden 
Secunderabad in 1895. In prosecuting his researches, he had first to 


7 


the mosquitoes themselves. He soon found that his Indian insects 
three general classes, the brindled mosquitoes (Stegomyia), £ 
(Culex) and the dappled or spotted-winged (Anopheles). He caused 
mosquitoes hatched from larve of these varieties to bite malarial patients 
and tried to find the parasites in the bodies of thes: 

obviously free from malarial or other extraneous parasites of any kind. 
For two years, with constant improvement of technique, he labored 


il 
this problem without much success, his work being interrupted by a 
year and a half’s detail to fight a cholera epidemic at Bangalore a1 


the Afridi War. 


it by experimental demonstrations. 


norial Prize of 75 ouineas ind a ld Ine l LO! 


When Laveran investigated the malarial parasite in 1880, 


Ross soon found 
devise method 


s for collecting, classifying, feeding, bi ng and dissecting 


At Bangalore, he made some inoculation experiments 
with mosquitoes upon Mr. Appia, assistant surgeon of 
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Hospital, and others, but without success. His natural inference was 
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that either the disease is not inoculated by mosquito bites or that he } 

not got hold of the right kind of mosquito for the purpose. In April, Y 
1896, he was sent to Ootacamund, a great hill station in the Nilgiri Hills, { 
8,000 feet above the sea level, and here among the tea and coffee planta- i 


+ 


tions at the foot of the malarial Sigur Ghat, a trench-like hollow in t 
hills, he made his first step in advance, for here he found and began 
concentrate his attention upon the dapple-winged Anopheles mosquito, 
which was to prove the true vector of the disease. Ordered back 

Secunderabad in July, 1897, he repeated all his experiments upon t 

gray and brindled mosquitoes, without success, but did not get hold of 
any specimens of Anopheles until August 15. In the stomach of one of 
these, he found, on August 20, a delicate circular cell containing minut: 
granules of a black substance like the melanin pigment, discovered 
Meckel in 1847, which was shown by Virchow and Frerichs to be tl 
essential pathological] product of malarial fever, and is found in tl 


malarial parasite. The next morning, he found in his eighth and 
Anopheles similar bodies, only much larger. 


Both insects had been bred from larve in captivity; both had been fed for 
the first time on the same person—a case of malaria; no such objects as thes 
pigmented cells—as I then called them—had ever before been seen in the hu 
dreds of mosquitoes examined by me; the objects lay, not in the stomach cavit 
of the insect, but in the thickness of the stomach wall; all contained a number 
of black granules precisely similar in appearance to those contained by th 
parasites of malaria, and quite unlike anything which I had ever seen in any 
mosquito previously. Lastly these two mosquitoes were the first of the kind 
which I had ever tested. . . . These two observations solved the malaria problem. 
They did not complete the story, certainly; but they furnished the clue. At a 
stroke they gave both of the two unknown quantities—the kind of mosquito 
implicated and the position and appearance of the parasites within it. Th 
great difficulty was really overcome; and all the multitude of important result 
which have since been obtained were obtained solely by the easy task of foll 
a work for children.? 





+ We 


ing this clue 


Shortly after confirming these results, Ross received peremptor 
orders to proceed to Kherwara in Rajputana, a petty non-malarial sta- 
~ ‘ TY \ 


tion, 1,000 miles distant, which he describes as “my Elba—almost mj 
Ile du Diable,” for here his researches were interrupted until] February, 


RR 


1898, when he was given a six-months detail to investigate malaria an : 
kala azar in Calcutta and Assam. In the meantime, W. G. MacCallum, 

at the Johns Hopkins Hospital, had discovered that the motile filaments 

of Halteridium, a parasite in birds, are agents in sexual conjugation, 
and in 1898, MacCallum and Eugene L. Opie demonstrated the san 

thing for the malarial parasite. Working with Halteridium and 
Proteosoma, both malarious parasites of birds, Ross proved at Calcutt j 


on March 20, that Proteosoma can be transmitted from bird to bird b) 


7 Ross, Jour. Roy. Army Med, Corps, Lond., 1905, IV., 551. 
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the gray mosquitoes (Culex jatigans), which, as he says, “ practica 


ail 


proved the mosquito theory of malaria.” He confirmed his results i 
long series of differé ntial experiments, which he transmitted to Lave n 
ind Manson in letters of April 22, 1898, and after som terruptions, he 
discovered at Calcutta, on July 8, 1898, that t spores of the parasites 
were concentrated, not in the intestine, as he and Manson had suppos 


but in what proved to be the salivary gland of the mos 


The exact route of infection of this great disease hich annually slays 
its millions of human beings and keeps whole continent ! urkness, was re- 
vealed. These minute spores enter the salivary gland of the mosquito, and pass 
with its poisonous saliva directly into the blood of mer Never in our dreams 


had we imagined so wonderful a tale as this. 


? ; , , 


In confirmation of this, he infected a large nu r of sparrows wit! 
Proteosoma from gorged mosquitoes and his results were communicated 
by Manson to the British Medical Association in July, 1898. 17 
tracted wide attention among the scientific experts but were absolut 
ignored by the governmental and military authorities. Colonel Ross, his 
financial resources exhausted by these investigations, determined upon 
leaving India and returned to England in February, 1899. S| 
afterward, he was appointed first lecturer on tropical medicine at tl 
newly created Liverpool School of Tropical Medicine, and here a new 
phase of his life work began. 

In this year (1899), the Italians B. Grassi and A. Bignami gave 
clusive evidence that the malarial parasites develop only in the Ano 
mosquito® and the causal relation was now definitely established. The 
next step lay in the direction of preventing the dis 

In August, 1899, Ross was sent out by the Liverpool school to inves 
tigate the West African coast fevers at Sierra Leone. Landing there on 
August 10, he soon found that two species of dapple-winged Anopheles 
(A. costalis and A. funestus) are the agents of transmission, and he im- 
mediately proceeded to establish for the first time the fundamental prin 


ciples of the prevention of tropi al malar a. ¥ . the eulic lal treatm« nt 


of the stagnant pools which were found to be the breeding places [ 
Anopheles, scrupulous drainage of the soil, screening of buildings with 
wire gauze, isolation of the sick, and the habitual « ment of mos 
quito nets and punkahs by individuals. In 1901, 

West African expedition to Lagos, which, owing to the unscientific, un- 
practical and unenthusiastic attitude of the government, was paid for 
by private philanthropy. At Lagos, the marshes were filled up with sand 
from the lagoons, wire netting for houses and cinchoni ition of individ- 
uals were instituted, and an annual subscription of £150 was obtained 
from the leading merchants for the organization of a mosquito bri 

8 Ross, op. cit., p. 572. 
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concerning which Ross wrote the first scientific treatise in 1902.2° On 
the Gold Coast, in 1901, the streets were thoroughly drained, hollows in 
the ground were filled with rubble and earth, and all breeding places for 
mosquitoes were obliterated in 5,000 houses at Free Town. The British 
Bank of West Africa even opened a tropical sanitation fund. All this 
was accomplished through the propagandism of the Liverpool School of 
Tropical Medicine. But the crown of its achievement was to come at 
Ismailia, where, for the first time, assistance was obtained from the 
government itself. Ismailia, a sleepy, picturesque little town, on the 
shores of Lake Timsah, destined by De Lesseps to be the headquarters 
of the Suez Canal Company, was supplied with fresh water by a shallow 
canal from the Nile, built in 1877 and deepened for the passage of canal 
boats in 1882. This canal being further used to irrigate the desert and 
the outlying parks and gardens, much of the water ran to waste forming 
shallow marshes and ponds in and about the town. 

With the marshes came the mosquitoes; and with the mosquitoes came the 
fever, and with the fever came—the downfall.11 

When malaria first appeared in 1877, there were 300 cases from 
August to December, out of a population of 10,000. By 1891, nearly 
2,500 cases were reported and about 2,000 cases were treated annually. 
The town fell into decadence. 

Men, both Europeans and natives were unable to work, children were 
always ill, the death rate increased, while the birth rate fell. Every one was 


down with fever, and trade was soon at a standstill. The government offices 
were closed and were ultimately moved to Port Said.12 


Ross arrived at the Suez Canal on September 12, 1902, in company 
with Sir William MacGregor, governor of Lagos, and immediately set 
about the task of mosquito reduction. The shallow pools and puddles 
the gardens and yards, and the cesspools under the houses were obliterated 
or treated with petroleum by the mosquito brigade, the marshes were 
drained, the canals and channels were cleared of reeds and other obstruc- 


tions to flowing water, all water vessels, tubs and flower vases were 


emptied systematically, all breeding places of anophelines were visited 
and treated at stated intervals and penalties were imposed upon the 
townspeople who neglected to report faulty conditions. After an ex- 
penditure of 50,000 francs ($10,000), the anophelines were destroyed, 
and malaria disappeared, but an annual outlay of about $5,000 is neces- 
sary to keep the place healthy for “if the mosquito brigade stops work 
for a week, the mosquitoes return.” The natives now call Ismailia “ E] 
turba e’ nadeefa” (the clean tomb), because, like ancient Greece, it has 
never recovered from the blow dealt by malaria. 

10 Ross, ‘‘ Mosquito Brigades and How to Organize Them,’’ London and 
New York, 1902. 

11 Ross, ‘‘ The Prevention of Malaria,’’ Lond., 1910, p. 500. 

12 Op. cit., p. 500. 
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7 Similar results were obtained at Port Said, Cairo, Khart 
Italy and Greece, in the Federated M lay Stat 8, In 1 West I 


Panama, and elsewhere. In 1906, at the request of the Lake ¢ 
Company. Ross investigated malaria in Greece, where the lan re its 
created a natural bar to statistical information. He found a valk 


lation of two and a half millions with 250,000 cases and 1,760 deaths. Ih 


5 ante A ar mln cial EE 


1905, there were 960,000 cases and 5,916 deaths. The ay 

of cases throughout the kingdom was 29 per cent. The Anti-Mal 
League, founded by Constantinos Savas in 1905, has gor ir tov 
making the ultimate control of the disease poss E I 


was the work of Angelo Celli and the Italian Anti-Malaria S 
begun in 1899. As Sir William Osler wrote to ¢ sin 1909: 


In Professor Celli’s lecture-room hangs the mortality chart of Italy for 
the past twenty years. In 1887 malaria ranked with tuberculosis, pneumonia, 
and the intestinal disorders of children as one of the great infections, killing 
in that year 21,033 persons. The chart shows a gradual reduction in the death 
rate, and in 1906, only 4,871 persons died of the disease, and in 1907, 4,160 

Robert Koch’s work at Stephansort, New Guinea, in 1900, turned a 


14+} } 


hotbed of malaria into an absolutely healthy colony by the exclusive use 


of quinine and his methods were successfully applied in the other Ger- 
man possessions. One great discovery of Koch’s was the extraordinary 


1 


prevalence of tropic al malaria in children, which enabled | 
attack the disease almost at its source. In 1902-5, Captain Charles 
F. Craig showed that intra-corpuscular conjugation in the mal 
plasmodia is the cause of latency and relapses of the disease, whence it 
was shown that malarial fever can be transmitted by human “ carriers,” 
apparently free from the disease themselves. The discovery of the rék 
of the Stegomyta mosquito in the transmission of yellow fever by Carlos 
Finlay (1881) and its scientific demonstration by Reed, Carroll, Lazear 
and Agramonte in 1900, led to the elaborate and successful pro} 
measures by the United States Army in Cuba and Panama, which in- 
cluded of course the obliteration of malarial f . <A full account 
anti-malarial work in all countries is given in “The Prevent 

PB Malaria” (1910) by Ross and his colleagues. 

To sum up Colonel Ross’s achievement in the scien f infection, 


ge tei cam tes 


he devised his own methods for collecting, class ng, feeding, bre 
3 and dissecting the mosquitoes investigated | him, located the sp ~ 


i Anopheles as the probable true vector of malarial fever, showed that 
moonshaped variety of the malarial parasites is found in the body of 
Anopheles, that the spores of the parasites are concentrat 1. not in the 
intestines, but in the salivary gland of the insect, and that ar 
parasites may be transmitted from bird to bird by mos juitoes, thus ma 
king it possible for Grassi and Bignami to prove conclusively that the 






malarial parasites develop only in the Anopheles and that the disease is 
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transmitted by this mosquito from man to man. Having demonstrated 
this hypothesis by induction, he then proceeded to employ his theorem 
deductively, as applied science, with brilliant success, in the prevention 
and eradication of malarial fever in West and North Africa. 

Colonel Ross kindly gives the following personal reminiscences [sent 
to Dr. Garrison after General Gorgas’s departure for South America, 
June, 1916]. 


As every one knows, the Americans started their important sanitary work 
at Panama early in 1904 under the distinguished management of Colonel (now 
General) Gorgas, U. 8. Army. He invited me, on behalf of the American gov- 
ernment, to visit the Canal Zone in order to witness his measures, and as I was 
also asked to read a paper at the Congress of Arts and Sciences held in connec- 
tion with the great Exposition at St. Louis, 19th-25th September, 1904, I de- 
termined to visit Panama after the Congress was over. At the end of the Con- 
gress, each of us who had read papers was given the sum of five hundred dollars 
to pay for our expenses in traveling over to St. Louis and returning, and we 
pouched this sum in notes with considerable satisfaction. Unfortunately many 
of us had scientific friends in the states, and I fell into the clutches of Dr. (now 
Sir William) Osler who swept me off to Baltimore. After a very warm time 
with him in that city, I fell into the hands of other friends who passed me on 
from Philadelphia to New York and left me so little leisure to spare from hos- 
pitality that I could not get my five hundred dollars banked or converted into an 
exchange note. I was then rushed on board ship where I met Colonel Gorgas 
himself (who was not going to Panama with me) and was duly photographed 
and speeded on my journey with the good wishes of my many friends. A week 
later, after a delightful voyage, I arrived in Colon with my five hundred dollar 
notes still in my pouch. We were immediately sent across the Isthmus and ar 
rived at Panama the same evening. The weather was extremely hot, with the 
usual result on my nervous system that I became very sleepy and lazy. On ar- 
rival at Panama, I was ushered into the Medical Officers’ Mess. Now this was a 
teetotal mess, and I am not a teetotaller by profession, though, I hope, always 
very moderate in my devotion to god Bacchus. They gave us beef-steak and iced 
water for dinner, and I became so extremely sleepy after this diet that when I 
went to my sleeping quarters in a house near the hospital, occupied by Captain 
Lyster, United States Army, I determined to go to bed at once (within my 
mosquito netting) and sleep off my fatigue. Lyster did the same thing and we 
slept beautifully all night. Unfortunately I was so overcome with the beaf-steak 
and the iced water that I left my pocket book containing my five hundred dollars 
on the table at the foot of my bed, though fortunately I kept my watch in the 
pocket of my sleeping jacket. There was a considerable wind all night which 
kept the doors slamming or creaking, and I was too indifferent to the world to 
care what happened. When we woke in the morning we were entirely refreshed 
and as strong as lions in consequence of the beef-steak; but Lyster ran in to my 
room with alarm written on his face. Sure enough my clothes had been thrown 
about the room in a terrible manner and my cigar case was found empty in 
the bathroom. He said that his best suit of blue serge clothes had unaccountably 
disappeared. We presently heard wailings from all round, and Dr. Balsch, the 
Health Officer of Panama rushed in from the next house to say that his valuable 
gold watch had gone. Then I bethought me of my five hundred dollars and as- 
certained that my pocket book had also disappeared entirely. The fact was that 
all our houses had been raided that night by an expert gang of house-breakers, 
who had taken my money and the numerous valuables from my friends. 
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I was not worried about my loss, because, fortunately, I had asked 


agent in England to put a sum of money at my disposal in case of need wit 
New York bank. Hence, though my friends offered to give me any cash | 

I refused their offers, and lived for a week in Panama entirely on hospitalit 
with the assistance of a few dollars in my breeches’ pocket. Really I was never 
more happy in my life, and felt the complete joy of being an absolute pauper 
At the end of my visit I went on board the same ship, which was to take me back 


to New York. As I had no money on board the ship I remained equally happy 
during the voyage, but just as we reached New York my sole remaining hat was 


blown into the sea. I therefore arrived at New York on a Saturday, with one 
dollar in my pocket and no hat. Nevertheless I presented myself at the Waldorf 
Astor Hotel and asked them to take me in on credit only till Monday. They lent 
me some cash to buy a hat and fed me as if I had not been a pauper at all. 
Next Monday my happiness ceased again, because the bank accepted my credit 
note from London and filled my pockets with the detestable stuff on which 


we live. 

I believe that none of us ever got back our losses, but the fur 
business repaid me. I believe that I was the only pauper who had ever been the 
guest of the Great American Republic. 

I say nothing here of the extremely interesting time I had in Panama. My 
only grief was that Colonel Gorgas was not with me; but Captain Lyster, Dr 
Balsch, Colonel Carter, Dr. Ross, Mr. Le Prince and every one else gave me the 
best time imaginable, but generally on a teetotal basis! I aseribe my loss e1 
tirely to the somnolence induced in me by teetotalling, and have abandoned that 
calling ever since. 

The most bitter irony of the business was that, when I arrived in Liverpo 
my friends there refused to believe that my five hundred dollars had been stolen 
at all and averred that it had all been thrown away in wild dissipation with 
Sir William Osler and other congenial friends, so that I obtained the reputation 
of being, not a teetotaller, but a wastrel. 


26th June, 1916. 


Ronald Ross is a man of remarkabli versatility. He is not onl 
parasitologist and sanitarian of proven abilities, but also a mathematician, 
a poet and a publicist. He is editor of Science Progress, and 


editors of Annals of Tropical Medicine. In 1905, he introduced his n 

of solving equations by “ operative division,”** an fication of that dis- 
covered by Michael Dary, a gunner of the tower of London, on Au 

15, 1674, and communicated by him in a letter to Newton on that da 
The rationale of this method consists in expressing an algeb1 opera- 
tion as a “verb function,” an action upon or arrangement of quantities, 
without stating the quantities themselves. It is thus on 

bolic or substitution algebras which have pla such a prominent rol 
in modern mathematics. Ross defines an algebraic « peration, some par- 
ticular grouping or arrangement of quantities, as a verb, while a f ine- 
tion, the result of such er uping, is definable as a substantive or nour 


He holds that this notation gives the power of expressing any algebra 
operation without reference to the quantities employed, e. g., if o denoti 


18 Ross, Proc. Roy. Irish Acad., Dubl., 1905, XXV., Sect. A, No. 3, 31-76. 
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an operation as a verb function, then o” will denote the operation of 
raising a quantity to the nth power, when [o"]z=2", and since 0° 
is unity, [ao® + bo’ + co?]~a—a-+br-+cz*. In all this, Ross mod- 
estly regards himself as an amateur, but he believes that Newton him- 
self may have adapted Dary’s principle in devising his own method of 
obtaining the roots of equations by approximation. In Ross’s operative 
division, each term of the quotient operates on the whole divisor instead 
of being multiplied into it, as in ordinary algebraic or arithmetical 
division. The rest of Ross’s mathematical work has been concerned 
with “ pathometry,” a term of his invention signifying the quantitative 
study of parasitic invasion and infection in individuals or groups of 
individuals. He has investigated, for instance, the variations of mos- 
quito-density in relation to time and place, the relation of mosquito 
output to extent of breeding surface and the relations of mosquito- 
density to the rate and extent of malaria-incidence in a given locality ; 
also the relation of malaria-rate to such factors as parasite-rate, spleen- 
rate (number of malarial cases with enlarged spleen), fever-rate, and 
the proportion of people who are constantly ill from malarial fever, all 
of which are lessened by “mosquito reduction.” This work on mos- 
quito distribution is said to have been the inspiration of the mathemat- 
ical memoir of Pearson and Blakeman on random migration. Lat- 
terly, Colonel Ross has occupied himself with the study of epidemic 
eurves, that is, the graphs predicting the course and probable duration 
»f an epidemic from its initial data, which were first investigated by 
the English statistician, Dr. William Farr, in 1866. Work of this 
kind has been attempted only within the last sixty years, the explana- 
tion being that there have been few vital and medical statistics covering 
large averages until recent times. In the eighteenth century, Daniel 
Bernouilli applied the calculus of probabilities to smallpox epidemics 
and got an equation giving the number of survivors who have not had 
the disease in terms of the number surviving at a given age out of a 
given number, the number attacked and the number not attacked in a 
year. The recent aim has been to discover the law of which an epi- 
demic, in relation to space and time, is to be regarded as an expression. 
In other words, while the hygienist aims to influence and limit the 
course of the epidemic by such coefficients as vaccines, sera, destruction 
of insects or animals carrying the disease, or other aggressive sanitary 
measures, the aim of the modern epidemiologist is statistical prognosis 
or the prognosis of infectious disease on a grand scale. The strong 
point made by Farr was that the theoretical curve of an epidemic in 
space and time is a normal curve. The generic idea is that all recur- 
rent natural phenomena, e. g., the weekly ratio of illegitimacy to the 
normal birthrate in a large city, tend to acquire a certain uniformity. 
Farr’s law states the general epidemiological principle that subsidence 
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1465. These diseases Sudhoff regards as foci of an endemic sp1ro- 
chetosis, which, in persons rendered weak and susceptible by wars, 
famine and debauchery, became a virulent infection. Sydenham saw 
European syphilis as a mode of West African yaws, and salvarsan is a 
true therapia sterilisans for the spirochete of yaws. Pasteur’s law ex- 
plains the facts about the great plague of London (1666). When the 
disease began to abate, vast numbers of people who had fled the city 
returned, and Pepys, in his “ Diary,” made anxious predictions as to a 
possible recrudescence of the epidemic. But this was not the case. 
The plague had worn itself out, and it is said that some even occupied 
the beds of plague patients with immunity.*® Yet, while lack of sus- 
ceptible persons and attenuation of the specific virus are not identical 
causes, they may sometimes amount to the same thing. Since Farr’s 
time, mathematical investigations of epidemics have followed two main 
lines. Brownlee, Greenwood and other English statisticians have ap- 
plied the skew curves, devised by Karl Pearson, to the analysis and 
gradation of the statistics of various epidemics, and Brownlee has found 
that most of the curves evolved are symmetrical bell-shaped curves of 
the Farr type, with the difference that the curves do not fall more 
rapidly than they rose, as in Farr’s original hypothetical curve of 1866, 
but more slowly, as in the actual figures of his 1866 epidemic (Pear- 
son’s type IV. curve). 

Ross’s investigations have followed the lines laid down by himself in 
1904, and his ultimate aim is to account, not only for the epidemics 
which have a symmetrical or normal curve, but also for the asymmetry 
which characterizes many epidemics influenced by external forces. He 
divides infectious diseases into three classes: “ (1) diseases like leprosy 
or tuberculosis, which vary little from month to month, but may slowly 
increase or decrease in the course of years; (2) diseases like measles, 
scarlatina, malaria and dysentery, which are constantly present in many 
countries and flare up as epidemics at frequent intervals; and (3) dis- 
eases such as plague or cholera, which disappear entirely after periods 
of acute epidemicity.” Concerning the diseases of the second class, he 
inquires whether they may be due to “ a sudden and simultaneous increase 
of infectivity in the causative agents living in infected persons, or to 
changes of environment which favor their dissemination from person 
to person, or merely to the increase of susceptible material in a locality 
due to the gradual loss of acquired immunity in the population there.” 
It is known, for instance, that measles has occurred at Perth regularly 
every sixteen months during the last forty years, with but two varia- 
tions ; in Glasgow, every fifteen and a half months up to 1800, and every 
twenty-four and a half months from 1855 on; while the London records 
of measles during 1840-1912, indicate a periodicity of about 14g years.*® 


15 J. Brownlee, Proc. Roy. Soc. Edinb., 1905-6, XXVI., 486. 
16 Brit. M. J., 1915, IL., 652. 
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The coefficients which Ross introduces are the measures « 

to mortality, natality, immigration and emigration of the non-aff 
and affected persons respectively. From a set of equations 

these coefficients, the total population and the ratio of the affect 


its meé mbe rs, he vets an equation PV ing the } 
lation affected at a given time.** The curve of which this « 


an expression is, in the simplest case, the regula shan 


other words, the assumption that the infectivit rat S constant or pro 
portional to the number of persons affected es curves which are ! 
irreconcilable with the hypothesis of decline from stion sus 
tible material, opposed by Brownlee. These studies in “a priori ho! 
etry,” still to be completed, give Ronald Ross ting : 


the modern English school of iatromathematicians. 

In 1906. there appeared a little volume of verses with the title } 
“Tn Exile, by R. R. Privately Printed,” of w the author savs, 
his preface, 

These verses were written in India between the years 1891 and 1899, as a 
means of relief after the daily labors of a long, scientific research.1§ 

In a sympathetic review of this book, Dr. Weir Mitchell, a fi 
medical poet, has said: 


lulgent conditions, what } 


In any climate and under the most in 
would have been remarkable. In India the lack of sympathy on the part 





his military superiors, abrupt army orders, limited means and absence of hel] 
seemed ever ready at his happiest approach to success to mock him with delays 
He must have felt as if, at times, some malign fate stood ready wit] tacles 
over which no energy, no self-assurance of ultimate victory i I 
know of no medical story more interesting, no research which so surely found 
what it exacted, that heroism back of which lay energizing sense of 

Ronald Ross, when half blind or exhausted with work, turned to verse and sought 
in a difficult field for the relief that change of mental occupation affords, for 
the making of good verse is not an easy occupation, as several of the greatest 
poets have confessed. This little book is an interesting record of moods of 
mind, of hope, despair, sorrow and final triumph. It gives one a vivid concey 


tion of the effects of exile, personal losses and the torment of tropical 
tions on a man with an imagination of high order, somewhat lacking for 
verse that which only much technical training can supply. There are many 


verses in this book which exacting self-criticism might have altered or left out 
There are some easily amended defects of rhythn erses which are needlessly 
obscure; but these concern me little. There are mai v quatrains of \ le power, 


descriptions of eloquent force or notable passages of insight and deep feeling.19 
Of Ronald Ross’s poems, space permits t tat 


17 Ross, Proc. Roy. Soc. Lond., 1916, Ser. A, XCII., 207; 211 et s 

18 Colonel Ross has recently presented to the Surgeon General’s Library his 
youthful dramas ‘‘ Edgar’’ and ‘‘The Judgment of Tithonus’’ (Madras, 1883) 
‘*The Deformed Transformed,’’ and the following books of original verses, 
** Philosophies ’’ (1909), ‘* Fables’’ 1907), ‘‘Lyra Modulata’’ 191] and 
**The Setting Sun’’ (1912). 
19 Mitchell, Jour. Am. Med. 
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verses written on the day upon which he discovered the malarial para- 


site in the body of the mosquito: 


This day relenting God I know this little thing 

Hath placed within my hand A myriad men will save. 
A wondrous thing; and God O Death, where is thy sting, 

3e praised. At his command. Thy victory, O Grave! 
Seeking His secret deeds Before Thy feet I fall, 

With tears and toiling breath Lord, who made high my fate; 
I find thy cunning seeds, For in the mighty small 

O million-murdering Death. Is shown the mighty great. 


In his work as a sanitarian and eradicator of disease, Sir Ronald 
Ross has waged valiant and efficient warfare against the indifference and 
apathy of organized governments toward applied science, that medieval 
frame of mind so well described by Sir Clifford Allbutt: 


We find, in ruling classes, and in social circles which put on aristocratical 
fashions, that ideas, and especially scientific ideas, are held in sincere aversion 
and in simulated contempt. 


Time and again has Ronald Ross returned to the charge in his general 
assault on unscientific administration in regard to the prophylaxis of 
infectious disease. His utterances on this theme reveal him as a pub- 
licist of large-minded type. Nothing seems more characteristic of th 
man than his general view of the whole matter: 


Probably few any longer accept the teaching of Hume, that the object of 
government is no other than ‘‘the distribution of justice.’’ The function of an 
ideal civilized government might be described as the performance of all acts 
for the good of the public which individual members of the public are by 
themselves unable to perform—that is, the organization of public welfare. The 
individual can certainly add much by intelligence and virtue to his own welfare; 
but these qualities do not suffice to protect him altogether against those evils 
which can be combated only by concerted action, such as the depredations of 
disease and of external and internal human enemies; and where he is powerless, 
the government, and only the government, can help him. Now such concerted 
action is likely to be successful only when it is based on sufficient knowledge; 
and a scientific administration differs from an unscientific one just in this par- 
ticular, that it seeks the necessary knowledge, while the other acts blindly. In 
nothing is this more manifestly the case than in connection with that depart- 
ment of public administration which is charged with the protection of the 
public against disease—a department second to none in importance, because 
it concerns not only our sentiments and our pockets, but our health and our 
lives,20 


20 Ross, Nature, Lond., 1907, LXXVI., 153. 
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good and bad racial effects of fighting. Our Moro population is on 
which has made fighting its chief business for centuries. The Moros 
entered the Philippines in the fifteenth century, and for the 450 years 
since that time they have not done much except fighting. Because of 
the school of ethics in which they are brought up, they are the best 
fighters in this part of the world. Give them the same weapons and i 
they would be practically certain to overcome an equal number of Fili- $ 
pinos. At any rate, if both sides were given primitive weapons, th 

would be true. From such evidence as we have, it seems safe to con- 

clude that four or five centuries ago, the Moro was the best man in the 

Philippines in almost every respect. To-day, he is decidedly the inferior 

of the Filipino for every purpose except fighting. I will make this gen- 

eral statement without any reservation in spite of the fact that the 

[sland of Jolo had a bigger percentage of the population able to read 
and write fifteen years ago than did any Christian province in th 
Archipelago. The Moro is uniformly physically inferior to the Filipino, 
and this is true of both men and women. It is not altogether the 
Moros’ fault that the development of schools has been very backward 
in the Moro province, but I have had enough experience with individuals 
to conclude, for myself, that the Moro of to-day is intellectually inferi 
to the Filipino. Another effect of centuries of fighting is that there is 
a very conspicuous tendency to prompt degeneration when war is stopped. 
When the Moro is kept from fighting, as has happened in certain dis 
tricts, notably around Zamboanga, and is given the same opportunity 
which the Filipino has had in most places to develop industrially, in- 
stead of doing this he becomes as worthless as a human being can | 
It may still prove to be possible to develop the Moro industrially, but it 
is a certain fact that he makes practically no start at all in developing 
himself. It is this degeneration when the fighting ceases which I would 
call the most conspicuous evidence of the destructive effect of centuries 
of fighting. As a matter of opinion merely, I would say that the Moro 
will admit of being developed. It is my impression from living among 
various people, that there is very little difference in their susceptibility 
to development and, to this extent, I believe that even the bad effect of 
warfare can be overrated. War does more damage by far in removing 
those who could be leaders in development, and cutting off the capacity 
for leadership from the following generations, than it does by lowering 
the capacity for being developed of the body of survivors. 

But, we have in the Philippines still other races than Moros and 
Filipinos. Among these are the Negritos, about whom I know very 
little. Possibly they are low enough in the scale of humanity so that 
they can not be developed as well as most people can be. But there are 
in the mountain districts of Luzon and Mindanao so-called wild people, 
pure pagans, who have through all the centuries fought among them- 
selves, just as primitive men must have fought through ages, practically 
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without firearms; and among whom warfare is either hand to hand or 


with projectiles which are aimed at individuals instead of masses, so 
that the essential elements of individual combat are still present. Phys- 
ically, these wild men contain the best people of the Archipelago. Judged 
in another way, by the strictness with which they observe their own 
ethical “ code,” they are also better than the Filipinos. This strictness 
in observance of the tribal customs is always a function of conditions of 
constant struggle. In this respect, the pagan and the Moro are alike 
and the Christian is inferior, because, during the recent centuries, he 


to intellectual ability, we have not enough information about the wild 


has been largely spared the necessity of tribal struggle for existence. As 


men to justify valid conclusions. There have been in recent years a 
few Igorots of different tribes who have acquitted themselves excellently 
as students. I have also known Bagobos, and Mr. Elmer reports a dif- 
ferent tribe from Mindanao, who have seemed to us to demonstrate de- 
cided intellectual keenness in their dealings with nature. But the fact 
that the Bagobo is keener in dealing with nature than the Filipino may 
reasonably be the result of his being placed where he has to be keener. 
Almost every American who has considerable contact with the Igorot 
regards him as the best man in the Philippines. Knowing both Igorot 
and Bagobo, I am disposed to rate the Bagobo of the hills above the 
Igorot. On the other hand, men thrown in intimate contact with the 
better class of Filipino scout the idea that the wild man of any kind 
can be compared with the Filipino. Leaving these opinions as matters 
of mere opinion, the fact is indisputable that the wild man is physically 
the best there is in the islands to-day. This superiority is not a func- 
tion of the altitude. Lukban, for an instance, is an excellent Filipino 
town, and Lipa is another. These are in altitude between the Bagobo 
settlements of Sibulan and Todaya. The Bagobos could pick the Fili- 
pinos to pieces with their bare hands. There is an old Latin proverb 
which says that a sound mind goes with a sound body, and I am inclined 
to believe that their mere physical superiority, even reduced to nothing 
but better health, would give to Bagobos an advantage in fair intellectual 
competition, with equal preliminary training, with the Filipinos. To 
at least this extent, it is my opinion that we have among our wild people 
evidence of the positive value of personal combat, when the struggle for 
existence takes this form, as a means of racial improvement. These 
suggestions are of course sent merely as matters of collateral interest as 
possibly throwing some light on the outer edges of a big subject. 

It thus appears that the Moro originally excelled the Filipino in abil- 
ity; but has become distinctly inferior, physically and in ability to de- 
velop in civilization, as a result of several centuries of chronic war. The 
Bagobo and Igorot (in the broad sense) exemplify the good results o 
selection by primitive war on the scale of personal combat. 

In this article, I do not venture, however, a prophecy that the 
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3agobo will ever demonstrate any kind of superiority to Filipino or 
Igorot. The demonstration depends very much upon opportunity. The 
Igorots, in the broad and rather inaccurate sense in which I have used 
the words, are a numerous people capable of maintaining a large meas- 
ure of independence; and they are now receiving what I believe is com- 
petent and efficient help in preparation for intercourse with the outside 
world. The hill Bagobos are few in number and the interference of 
government in their affairs has not, in my opinion, been very intelli- 
gently calculated to preserve them as a strong race. What the govern- 
ment undertook to do, with the best of intentions and with full recog- 
nition of the superior vitality of the Bagobo, was to bring him in contact 
with civilization by bringing him down out of the mountains. I have 
not seen these people for a number of years, but could anticipate no 
result of this policy except that most of the Bagobos would become 
plantation serfs and the more independent minority would become rene- 
gades. This was the work of Lieutenant Bolton, one of the men most 
conspicuous in devotion to the interests of the people under his charge 
whom I have ever met. The best of intentions may make the most mis- 
chief in the attempt to make a race over and improve its conditions 
without sufficient appreciation of the fact that the direct ability of the 
race is adapted to the conditions under which this ability has been de- 
veloped. Lieutenant Bolton was murdered a little later as the result 
of another attempt to make a powerful savage into a man of influence 
under more civilized conditions. 

We have naturally made mistakes of the same kind in the well- 
meant attempt of many of our officials to make good Americans out of 
good Filipinos. The preservation of order in these islands during the 
past fifteen years has of course been of tremendous value to the people, 
and the introduction of a general educational organization, even of such 
an organization patterned very largely after that of the United States, 
has been another incalculable service. But the transplanting of a 
scheme of government, including even features of exceedingly doubtful 
value in America, has brought with it evils some of which will probably 
never be peacefully outgrown. 

These comments are, of course, not relevant to the question of racial 
selection. They have, however, a bearing on the conditions which make 
war the foremost subject of world interest at this time. I am a great 
admirer of real German culture. I have a certain sympathy with the 
German ambition (even if its profession by the government may be 
largely hypocritical) to germanize other parts of the world. The 
trouble with the scheme, aside from its probable impracticality by the 
methods being tested, is that what is best for Germany is not necessarily 
best for England and Borneo, any more than what is best for the United 
States is necessarily best for the Filipino, or what is best for the Filipino 
is best for the Bagobo. 
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ESSENTIALS IN THE STUDY OF LABOR ORGANIZATIONS 
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By Proressor FRANK T. CARLTON 


ALBION COLLEGE 


HE assumption that all labor organizations may be traced back to 
some one original form of lox al trade society is unwarranted. 


Labor organizations of different types and located in different commu- 


f ' 


nities are the products of environmental conditions and forces which 
have caused the wage-earners to cohere in some weak or strong form of 
union organization. Because of increasing population, the elimination 
of free land, rising prices, or other social phenomena, American wag 
earners have been vividly impressed with the insufficiency of individual 
bargaining. Organization is naturally the next step. Wage-earners 
organize in order that wages may be raised, hours reduced, or conditions 
of work improved. The form of the organization is not the significant 
fact; nor is the expressed function of the union whether business, revolu- 
tionary or “ predatory” of great importance But classification may help 
students of labor problems in their effort to investigate the complex of 
union origins, structures, methods and functions. 

Organized labor is a social phenomenon; it is a form of institution. 
The form, methods, ideals and immediate purposes of labor organiza- 
tions may be studied in the same manner as political parties or fraternal 
organizations may be analyzed. A union consciously or unconsciously 
adopts a certain peculiar form or structure in order to aid it in accom- 
plishing certain aims. No institution would come into being were it not 
intended, deliberately or fortuitously, to affect certain changes in the 
course of human affairs. And no form of organized labor would exist 
unless wageworkers hoped to obtain through its agency some improve- 
ment in living and working conditions. These statements are certainly 
little short of axiomatic. In short, both the structure and functions of 
a labor organization or of any other institution are the visible and tangi- 
ble results of underlying forces and causes which spring out of the 
physical and social environment. The analysis of a labor organization is 
a study in social mechanics. To classify labor organizations according to 
structure or according to functions may be desirable; but the classifier 
should remember that he is only dealing with outward manifestations 
and results, not with causes and fundamental motives. 

The union—a social structure or organization—is a grouping of 
wageworkers for the purpose of accomplishing certain results. The 
the subject of labor 
and labor organizations have not held that the form of organization was 
fundamental. Nor have they held that all labor organizations were alike 
or even similar in ideals and plans, Indeed, quite the contrary is true. 


union is a tool; a means to an end. Writers upon 
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Students of government realize that the term—‘“ a democratic govern- 
ment,” for example—must be translated differently in Haiti than in the 


United States. Nevertheless, classification of governments into rep 


lies, constitutional monarchies, and so on, is of value to students of polit- 


It is doubtless true in a broad way that democratic forms 
lustrial 


ical science. 
of government are the products of the change known as the indus 
revolution. But the existence of danger from outside foes may reta1 
progress toward a democracy, as witness Germany. Or tradition n 
keep the shell of a government for a long time after its reality has been 
sloughed off, as is the case in England. In like manner, opposition from 
without, tradition, or the pressure of leaders, may greatly modify th 
course taken in evolving the structure and functions of a labor organ 
tion. 

In the great majority of cases, a given structure or form of a gover! 
ment or of a labor organization more truly represents a past than a pres- 
ent balance of forces; but it is also a factor in determining the present 
time attitude of those adhering to the government or labor organization 
in question. After an institution has been developed and has crystallized 
into certain forms, this somewhat inelastic structure usually serves as a 
modifying and conserving force or influence. Group and institutior 


inertia must be reckoned with in any study of social and institutional 


forms. American legal and constitutional forms have greatly modified 
the course of events in American national life. The existence of socia 


customs and habits also tends to prevent rapid changes in ideals. The 
psychology of the American has undoubtedly lagged behind the unusually 
rapid changes which have taken place in industry during recent genera- 
tions. The American workingman has been too individualistic to cope 
effectively with the great and steadily growing combinations of capita 
to many of them yet clings the restless and impatient vitality and self 
assurance of the frontier. The effect of social inertia is also plainly visi- 
ble in the ideals, the concepts and the psychology of the unionist. The 
psychology of the average unionist is still measurably affected and modi- 
fied by ideals and concepts crystallized during the outgrown era of small- 
scale, non-integrated industry. Again, overworked and undertrained 
workers will have a narrower vision than more efficient and better trained 
workers. A union composed of the former will be more erratic and less 
calculating than one composed of the latter type of unionists. 

Slavery and serfdom are heritages which the past offers to the wage- 
earning class of to-day. The prevalent idea that the employee is the 
* protégé” of the employer is old and dies hard. Organized labor is, in 
fact, a token of emancipation. In struggling upward toward industrial 
democracy the workers are seriously hampered by the lingering and still 
potent ideas and ideals developed during generations of subordination 
and of non-citizenship. As a consequence, the evolution of the psychol- 
ogy of the wage-earner—the new social psychology—is retarded an 
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modified by the old and outgrown folkways as to the relation 
employers and employees. It is also affected by survivals in the form of 
rabid and irrational national patriotism, racial antagonisms and < 
cepts as to the desirability of different forms of work and service. T] 
European war conclusively proves that in times of nat | stress 
old catch-words and phrases are more powerful and compelling than 
newer ones of social solidarity and loyalty to the working class. But 
other times when the life of the nation is not menaced, the phenomen 
of union loyalty bulks large among the members of organized labor. 
Both the specific structural and the specific functional forms 
labor organizations are very diverse. No two types of workers hav 
been subjected to exactly the same economic pressure, the relations 
between workers and their employers vary greatly in different lines of 
business, the possibility of displacement by other workers or by machines 
likewise varies from trade to trade and from occupation to occupation, 
and price levels and standards of living are subject to rapid mod 
tions. This complex situation is further complicated by the institu- 
tional lag exhibited by organizations of labor. And the influence, « 





servative or radical, of the capable and aggressive leader, must not bi 
neglected. Samuel Gompers, for example, is a factor which can 1 
safely be overlooked in any careful consideration of the evolution of the 
American Federation of Labor. The autocratic and imperious leader 
has played an important role in labor organizations as well as in the 
affairs of nations. The appeal to the passions and emotions figure in 
union matters as well as in party politics. 

As a consequence, labor organizations present to the student and to 
the man-in-the-street a bewildering diversity of structure and of func- 
tions. Some of the apparent variations are not real. These are due 
to the idiosyncracies and preconceived notions of would-be interpreters 
of unionism. But inevitably the variations are many, because these 
register the results of the play of a multitude of pushing and pulling 
forces. Yet, the fundamental desires and motives are comparatively 
simple. 

The growth of trade-unionism and of what is called the trade-union spirit 
is & concomitant of industry organized after the manner of a machine process.1 

The term “machine process” does not, however, necessarily mean 
the actual use of machines, but it may be applied to all large-scale 
methods involving wide market areas. As different workers come in 
touch very differently with the machine process, variant ideals may be 
expected to appear. This differentiation becomes clear when a com- 
parison for example, of the cigarmakers with the locomotive engineers, 
or of the machinists with the building trades workers, or of the molders 
with the migratory workers, or of the miners with the barbers, is 
undertaken. 


1 Veblen, ‘‘Theory of Business Enterprise,’’ p. 327. 
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Individuals may be animated by altruism and act contrary to their 
own welfare and happiness in the interest of others; but groups, classes 





and nations do not. At least, such is the situation up to the present 
time.? Frequently, however, the interests of a group, class or nation may 
on the surface appear altruistic. And when group interest and altruis1 
run in parallel channels, the emphasis is always placed upon the latte: 
The selfishness of groups is no new discovery of the social psychologist 
Practical politicians have for years and probably for centuries recog 
nized the potent influence of group selfishness. One example may 
cited from American history. In 1828, Mr. McDuffie, a well-known 
South Carolinian, said: . 

Individuals are always open to impressions of generosity. But classes of 
the community, and sections of country, when united and stimulated by the hope 
of gain, being destitute, like corporations, of individual responsibility, are, like 
them, destitute of hearts and souls to feel for the wrongs and sufferings they 
inflict upon others. 


Organized workers, like organized capitalists, are organized prin 
rily for group or class betterment. All methods and ideals must stand 
the acid test of group advancement or retardation. However much w 

may dislike to look the facts in the face, they will not down. Workers 
are men and women like employers and animated by the same funda- 
mental human animosities and desires. And the division of unionists 
| into revolutionary and business groups is only one of degree and cir- 


fk cumstance. There are in fact no fundamental differences. A so-called 
it business union may under pressure of adverse circumstances become 
i, within a few years revolutionary. Or, the reverse change may take 
f place, and a revolutionary labor organization may gradually becom: 
4 more and more conservative under the mollifying touch of prosperity. 
ts Miss Marot® has frankly and boldly stated the real demand of the 
unionist, be he of the business or of the revolutionary type. It is for 
| less work and more pay. This statement from a spokesman of organ- 
ized labor discloses a clear and distinct line of cleavage between the 


working-class unionist and the middle-class reformer. But this frank 
statement rings true whether it be applied to the aristocrats of labor 
or to the ranks of the unskilled and readily replaceable. Eliminate 
cautiousness and lack of vision of the goal, and the conservative unionist 
reveals the same essential longings and desires as his more impulsivi 
and radical brother. And, furthermore, he is not essentially different 
from his employer who demands more profits without questioning 

whether more profits mean more or less service to the community. : 


a, 


ae 


77 1) 


The attitude of the radical or revolutionary union is well illus- 
trated by a trade union in one of the large western cities. The mem- 
bers of this strong union “recognize no trade or industrial obligation 





’ 


2For a somewhat different view, see Cooley, ‘‘Social Organization.’ 
8‘ American Labor Unions,’’ p. 4. 




















LABOR ORGANIZATIONS 


above their allegiance to fellow unionists or to labor. They consider 


that their contract to stand by labor comes first and takes precedence 
over all contracts made with capital.”* Allegiance to the union is placed 
on a par with national patriotism. No contract obligation is all 
to stand in opposition to group welfare and group requirements. This 
revolutionary attitude is assumed not only by industrial unions but 
by organizations of the familiar type of trade unions. The viewpoint 
of these unionists is similar to that of a nation which is ready to tear 
up a treaty when confronted by what is considered to be national neces- 
sity. Class lines are often drawn as taut as are national lines in times 
of stress and strain. 

On the other hand, conservative railway brotherhoods are ready in 
case of a strike to counsel a policy of non-interference. But the mem- 
bers of the railway brotherhoods who are conservative and who are 
very explicit in stating that they do not intend to disturb the present 
industrial order, are in spite of external characteristics not very dis- 
similar from the members of radical unions who are extremely bitter 
in their denunciations of existing conditions, and who are “ revolu- 
tionary.” The difference between the viewpoints of these two classes 
of unions is not to be explained by resorting to some more or less occult 
statement of group or social psychology. But it is to be found by 
analyzing the different economic environments in which the groups 
work and live, and the different kinds of economic and social pressure 
to which the groups are subjected. The members of a railway brother- 
hood occupy a strategic position. It is very difficult to obtain reason- 
ably efficient substitutes in case of a strike. But a union of unskilled 
men would perforce be obliged to take another stand or suffer their 
places to be filled by strikebreakers. Put the railway brotherhoods 
face to face with the menace of the green hand, or with a hostile em- 
ployer who is nibbling at wages and who refuses to consider granting 
a standard wage, eliminate their systems of insurance, put the members 
of these brotherhoods in the position of many another group of wage- 
earners, and the present much-approved set of ideals will rapidly be re- 
placed by others not so conservative. 

Subject the railway brotherhood to the dangers which are and have 
been for several years confronting certain radical old-line trade unions, 
and their conservatism and the emphasis now placed upon the sacred- 
ness of contract will disappear with celerity. The early history of 
that much maligned organization, the Western Federation of Miners, 
furnishes a fine illustration of social transformation. The metal 
miners of the far west were 
confronted by a quickly developed and aggressive class of wealthy mine owners. 
Control of the mines was suddenly centralized; individual bargaining became 
futile; the separate and disunited units of labor were sweated. The miners felt 


* Marot, ‘‘American Labor Unions,’’ p. 14. 
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themselves to be in the grip of a new and strong industrial system. . . . Under 
pressure, the miners knit together into an industrial class—conscious and 































avowedly socialistic union; and, remember, these miners were individualistic 

American frontiersmen.5 ‘ 
It must, of course, be admitted that the experience of the unskilled » 
worker with the machine process will modify his viewpoint somew! 

and make him more susceptible to influences which cause the growth 

of group or class solidarity. 

The structure of the American Federation of Labor and its constit- 
uent parts is gradually changing. This modification is not due prima- 
rily to a new group psychology. It is, however, true that the mixtur 
of racial elements in the Federation is somewhat different than it was 
ten years ago. Nevertheless, the significant factors are the changed 
industrial situation, the reduction of many kinds of workers to a con 
mon denominator by the use of the machine, the fierce opposition 
employers, and the like. 

The form of organization is indeed no minor matter. The trad 
union is an antiquated weapon in the fight against the big corpora- 
tion unless the skill of the trade is still a potent factor or some other 
special place of vantage remains. To meet the mighty German army 
with the weapons of the Civil War spells ignominious defeat. T 
combat for higher wages and shorter hours with the defenses of 1866 
likewise means defeat. The trade union is the fundamental and most 
natural grouping of workers for betterment. In the trade union are 
united workers engaged in similar work and interested in similar mat- 
ters. Carpenters have more in common with other carpenters than 
with boilermakers or molders. But as the machine process undermines 
trade after trade and tends to reduce all workers to a common denom- 
inator, trade or craft becomes of less and less importance. And as 
carpenters, molders and boilermakers become united as employees of 


the same corporation, trade lines yield to the unity of interests as : 
employees of one big business organization. As a consequence, organi- | 
zation by industry begins to replace organization by trade. The struc- : 
ture changes and the specific function of the organization may undergo . 


modification; but the fundamental purposes of organization do not 
undergo great transformations. 

It may therefore safely be asserted that the prime factors in a study 
of labor organizations, are not: Is the union a trade or an industria! 
union? Or, is its purpose business or revolutionary? The important 
questions are: Why has it adopted the ideals, form and methods which 
are now associated with the organization? And, what are the internal 


a 
- 


and external, present and past, forces which determine its path to-day! 
Any classification whether structural or functional is only of value in 
making clear the factors in the labor problem. A study of social 
forces is essential in any investigation of labor organizations, 


5 Carlton, ‘‘The History and Problems of Organized Labor,’’ p. 108. 
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THE ENVIRONMENT OF THE APE MAN 


By Proressor EDWARD W. BERRY 


JOHNS HOPKINS UNIVERSITY 


A T that late epoch of the earth’s history which immediately prec | 
the development of continental ice sheets, or the Pleistocene 


e, we find but little evidence 


Glacial period in North America and Euro 


of what the next few thousand of years had in store for the rich ter- 
restrial faunas and floras that had spread from Gibraltar to Korea and 
probably across the Bering land bridge between Asia and America, and 
over a part of the latter continent. 

The Pliocene age, as the era immediately preceding the Glacial perio l 


is termed, probably witnessed the most profuse and diversified mam- 
malian life and arborescent flora that the world has ever seen. The 
fauna, sometimes known as the Hipparion fauna, from the abundance 
at that time of the small fleet horses of the Hipparion type, is somewhat 
better known than the flora for the whole eurasian area, although for 
the area of Europe the flora is very well represented at a large number 
of localities. The fauna as shown by the accompanying sketch map 
(Fig. 1) has been traced from the Tagus Valley on the west to Korea 
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Fic. 1. SketcH Map SHOWING RANGE OF THE PLIOCENE HIPPARION FAUNA AN 
GREATER EXTENSION OF THE FLORA. 1, Pliocene flora of Holland-Prussian bord 


2, Pliocene flora of Altai region. 
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on the east, through 140 degrees of longitude or a distance nearly half 
way around the world. 

The flora has been found at very many localities in Europe associ- 
ated with this fauna—in Portugal, France, Italy, Germany and through- 
out the Austrian empire. The less precise work, or possibly the absence 
of as good material because of the inadequate facilities for preservatio. 
in the river floodplain deposits of Asia has hitherto prevented the as- 
sembling of data regarding the Pliocene flora of the latter continent. In 
both Europe and Asia, however, this flora is found beyond the known 
limits of the fauna. A notable instance is that furnished by the plant 
remains found in the brick clays of the Holland-Prussian border and 
recently monographed by Clement Reid* and Laurent.* 

This remarkable flora contains upwards of 300 species and shows a 
striking similarity to the living flora of the uplands of western China 
and to its more or less allied geographical provinces, i. e., Japan, the 
Himalayas, eastern Tibet and the Malay Peninsula. A more remote 
relationship is shown with the existing flora of Europe or the Caucasus, 
and a still more remote relationship with the existing flora of North 
America. 

This oriental character, using that term in the sense of its applica- 
tion to existing floral distribution, is shown by the presence in Limburg 
during the late Pliocene of forms like Gnetum scandens, Zelkowa keaki, 
Pyrularia edulis, Magnolia kobus, Prunus mazximoviczti, Stewartia 
pseudo-camellia, etc., no longer natives of Europe, as well as by repre- 
sentatives of genera such as Meliosma, Actinidia, Corylopsis, Campto- 
theca, etc., not found in the existing European flora but represented by 
closely allied species in China. Even when the genus is still a member 
of the European flora, the fossil species appears to be closer to the exist- 
ing Asiatic rather than the existing European representative, as, for ex- 
ample, in the genera Pterocarya, Styraz, Betula, Cornus, Clematis, Eupa- 
torium, etc. There are among the fossils, however, a number of large- 
seeded forms that are still represented in the flora of Europe, among 
which may be mentioned Picea excelsa, Quercus robur, Carpinus betulus, 
Corylus avellana, Prunus speciosa, Ilex aquifolium, Vitis vinifera and 
Fagus cf. silvatica. 


1 Reid, C., and E. M., ‘‘ Preliminary Note on the Fossil Plants from Reuver, 
Brunssum and Swalmen,’’ Tijdsch. Kon. Ned. Aardrijks. Genootschap, 2e ser., 
Deel XXVIILI., afl. 4, 1911, pp. 645-647; ‘‘The Pliocene Floras of the Dutch- 
Prussian Border,’’ Mededeelingen Rijksopsporing van Delfstoffen, No. 6, The 
Hague, 1915, 178 pp., 4 tf., 20 pls. 

2In Jongmans, W., ‘‘Rapport over zijne paleobot,’’ Rijksopsporing van 
Defstoffen, Jahren 1908-11, pp. 23-25; Laurent, L., ‘‘ Note preliminaire au sujet 
des plantes pliocenes des argiles du gisement de Reuver et des gisements 
voisins,’’ Ibidem, Jahren 1914, 4 pp., 1915. 
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The Reuverian flora, as it has been called, appears to indicate a 
climate about like that of southern 
a more abundant rainfall. It was richer in species than the present flora 


France of the present time, but with 


of central Europe and the number of arborescent forms was greater, bot 

relatively and absolutely, comprising fifty per cent. of the determined 
forms. A somewhat similar Pliocene flora was described some years ago 
from the Altai Mountains* in Central Asia. In the latter region were 
found sequoias, alders, oaks, beeches and tulip trees of North American 


character associated with oriental beeches, walnuts and 


maples, as well 
as with various other trees now characteristic of Mediterranean Europe. 
These late Pliocene floras are frequently spoken of as cosmopolitan 


floras and in the sense that throughout the whole Holarctic region there 


was not then the geographical differentiation that is displayed by the 
existing floras this term is true. It does not mean that the semi-arid 
plains of Algiers had identical species with the forested glades of south- 
ern France or that the tropical forests of Indo-China were identical with 
those of the Asiatic steppes, but there were no well-marked provinces 
in Portugal, France, Italy and the Altai we recognize the familiar types 
like the Sassafras, Magnolia and Tulip tree, which to-day are con- 
fined to southeastern Asia or southeastern North America. 

This in brief was the setting in which were inaugurated those climati 
changes so striking in their results, but probably not nearly so extreme in 
their actual changes, that resulted in covering so much of Europe and 
North America with a continental ice sheet many feet in thickness. 
This was also the setting of that event, great from our human standpoint, 
when somewhere in the orient the ape-like ancestors of man passed the 
intangible bound that separated apedom from incipient manhood, for in 
the older Pleistocene of the island of Java we find the oldest known 
fossil remains of such an ape man, the Pithecanthropus erectus of Du- 
bois, associated with the bones of a large contemporary fauna; and the 
foliage, fruits and wood of the valley forest in which these remote an- 
cestors of ours dwelt. 

The exact age of the strata containing the remains of Pithecanthro- 
pus is of the greatest importance and on this point as well as on the 
questions of the environment and climate the fossil flora is much more 
definite and conclusive than the associated vertebrate and invertebrate 
fossils. Let us then endeavor to picture the surroundings of the ap 
man and the animals and plants that spread with him into Java from 
the river valleys of the Brahmaputra and Irawadi, two thousand miles 
or more to the northwest, and something of the geography and topog- 
raphy of the lands through which they wandered. 

The Pleistocene was in general a time of receding oceans and broad- 
land connections. Some think that this fall in sea-level was due to the 


8 Schmalhausen, J., ‘‘ Palwont.,’’ Bd. 33, 1887, pp. 181-216, pl. 18-22. 
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great amount of water that went into the formation of the ice sheets; at 
any rate, we know that all the continents were connected, a wide land 
bridge extended from Asia to North America across Bering sea. In 
the southeastern Asiatic region the shallow southern half of the China 
sea, the Gulf of Siam and the shallow Javan sea were all dry land— 
vast, fertile and well-watered plains teeming with life. Sumatra and 
Java were connected with Borneo and the Malay peninsula and formed a 
part of a broad eastward extension of land that reached to and included 
Timor, the present eastern outpost of the spice islands. These seas are 
still so shallow that ships can anchor in any part of them. 

The Menam River was lengthened a thousand miles and flowed 
through the Gulf of Siam and sweeping around to the northeast dis- 
charged into the China sea. A great Javan river with its headwaters in 
the vicinity of the straits of Malacca flowed eastward and southward, 
receiving many large and small tributaries from the uplands of Borneo 
and Sumatra. It flowed in a broad and densely forested valley extend- 
ing for a thousand miles along the bed of the Java sea and emptied into 
the Flores Gulf. The mountain axis of Borneo continued northward 
nearly or quite connected with Luzon by the enlarged Palawan and Min- 
doro islands. The Sulu archipelago was a part of western Mindanao 
and nearly or quite reached north Borneo. The Sangir islands were con- 
nected with the northern arm of the Celebes and nearly or quite reached 
Mindanao while a narrow strait separated Celebes from Borneo, widen- 
ing north of the former to form the Pleistocene Celebes sea. The Anda- 
man and Nicobar island festoon was connected with lower Burmah 
forming the large and almost land-locked Gulf of Burmah. The moun- 
tain axis of Sumatra was continuous across Java and on to the east- 
ward, for the fault which formed the narrow Sunda Strait between the 
two islands was not yet in existence. The Pleistocene was also a time 
of great volcanic activity in this whole region. Java has about 125 
volcanic centers many of which are great peaks, but only 13 of these are 
feebly active at the present time. During the Pleistocene volcanic ac- 
tivity was at a maximum, as is shown by the fact that not only 28 per 
cent. of the present area of Java consists of these rocks, but most of the 
remaining area is made up of sediments that are largely volcanic débris. 
I have endeavored to picture the probable geography of the early Pleisto- 
cene in the southeastern Asiatic region in the accompanying sketch map 
(Fig. 2). 

During the early Pleistocene broad and fertile river valleys extended 
from the Punjab eastward and southward. From the sharp turn in the 
Brahmaputra at Sadiya in Assam great valleys or verdant coastal plains 
flanked by salubrious uplands extended southeastward for a distance of 
between two and three thousand miles and it was along these coastal 
plains and valleys and the parallel mountain ridges that upland and 
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Fic. 2. SKETCH MAP SHOWING PROBABLE LAND CONNECTIONS IN THE SouTH 
EASTERN ASIATIC REGION IN THB EARLY PLEISTOCENE. 1, Location of Trini! fossil 
faunas and floras. 2, Location of Pliocene Siwalik faunas 3, Location of Pleisto 
cene Narbada faunas. 


lowland animals and plants were able to spread simultaneously toward 
the southeast. The relative elevation of the Himalayan region and a 
slight lowering of temperature combined with the pressure of population 
were sufficient to cause this organic flood to gradually spread to the 
southward. 

The Pithecanthropus or Trinil men as pictured to us by the anthro- 
pologists were of low intelligence, as is indicated by the slight develop- 
ment of the frontal region of the brain, by their cranial capacity of from 
850 to 900 cubic centimeters as compared with 600 cubic centimeters for 
the largest simian brain and 1,200 cubic centimeters for the Neanderthal 
men of the Third Interglacial period. From a study of the inside cf the 
cranium of the Trinil man it is estimated that the lower frontal lobe, 
the speech center, was twice as well developed as in any existing anthro- 
poid ape, but still only about half that of Modern man, so it seems 
certain that the Trinil race possessed at least a rudimentary power of 
speech. 

The remains of the fauna that was contemporaneous with the ape 
man include fifteen species of land and fresh-water snails and river 
clams, all of which are still living and in the same general region at the 
present time. There are several genera of fresh-water fishes; a gavial 
very close to the existing armored crocodile of the Ganges and a true 
crocodile close to the existing crocodile of Java and Borneo. Five river 
and swamp turtles have been described, all similar to living types of 
farther India and the Sunda islands. Among the birds were parrots 
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and marabouts. Over a score of mammals, a typical forest and stream 
border assemblage, have been described. These comprise a macaque, 
several carnivores including both dogs and cats, two rhinoceroses, a hip- 
popotamus, two wild hogs, several deer including the Sambar deer « 
India and the Kidang deer still living in Java, buffalo and wild cattle, 
the porcupine, a large pangolin and hyena, a tapir like the existing 
Sumatra tapir, and at least three elephants—a Stegodon and an Elephas, 
both close to Indian species of the Pliocene (Siwalik) and Pleistocene 
(Narbada), and another Elephas like the straight-tusked Elephas anti- 
quus of the early European Pleistocene. This fauna as well as th 
associated flora are conclusively continental instead of insular in char- 
acter and were clearly derived from the northwest.‘ 

Dubois discovered the remains of Pithecanthropus in 1891 along t! 
Bengawan or Solo River near the little hamlet of Trini] in east central 
Java. To the north are the low east and west range of the Kendeng 
Hills, to the south lies the high cone of the volcano of Lawoe. His dis- 
covery excited the greatest interest and a vast literature has centered 
around the ape man long thought to be Pliocene in age. During 190° 
and 1908 the Selenka expedition made careful excavations at Trinil with 
the object of supplementing Dubois’s scanty material, collecting ma 
vertebrate remains and also the fossil plants which throw such a wel- 
come light on the exact age and environment of the ape man, but failed 
to find any addition] Pithecanthropus remains. The deposits are fluvia- 
tile with little regularity in the sequence of bedding and consist of alter- 
nating lenticular beds of volcanic débris (lapilli and ashes) sometimes 
clayey and sometimes sandy, with a total thickness of about 50 feet. 
The general sequence is as follows: 


Recent alluvium. 


r-Red ashes and lapilli. 

Argillaceous tuff. 

Tufaceous sandstone with a few leaves and bones. 

Tufaceous sandstone with clay balls containing shells. 

Interbedded ash and clay (main plant layer), a few bones. 

Tufaceous sandstone (main bone layer) (Pithecanthropus), a few plants 
and fresh water-shells. 

Lahar conglomerate. 


Kendeng beds 









The restricted size of the present island of Java, probably of post- 
glacial origin, proved inimical to some of the larger mammals, for the 
elephant and tapir are absent in the existing fauna, although a rhi- 
noceros still inhabits the uplands. The recentness of Java’s separation 
from the mainland is shown by the Siamese and Indian character of its 

4 Vertebrate paleontologists differ regarding the distinctness of the majority 
of these animals from those still existing. The majority of the fossils are cer- 
tainly very close to modern oriental forms. 
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present fauna and flora. Of its 90 existing mammals no genera an 


Chinese and only about 45 are peculiar. The modern flora is also dis 
tinctly Malayan or Asiatic in character. 


dant being the bread fruit banyan or fig family (Moracez), the custa 


There were banyans and figs, jack fruit, mangosteen and custard appl 
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Fic. 3. Leary Fruit BeEariInc SHOOT OF THE CHINESE Banyan, Ficus infectoria 
Roxb., found fossil at Trinil. 3/7 nat. size. 





gum was also found 
at Trinil. To-day it does not occur in the vicinity, although it is one 
of the tallest and noblest trees of central and western Java, extending 
thence northwestward to the Asiatic mainland. 

The present geographical distribution of these early Pleistocene 
plants is somewhat different from what it was at the time of the ape man 
and these differences are a measure of the time that has elapsed since 


those remote days. Only ten of these plants still flourish in the im- 


(Altingia excelsa Noronha) related to our sweet 








only 5 or 6 species are peculiar. Of its 300 land birds many are Indo- 


The plants found associated with the ape man are of the greatest 
interest. They number 54 species and the remarkable fact should be 
noted that none of these are extinct species, a sure indication of their 
Pleistocene age. Twenty-two families are represented, the most abun- 
rd 


apple or pawpaw family (Anonacez) and the laurel family (Lauracee). 


senna and beans, and a variety of other fruit-bearing trees that may 
have yielded toll to the Trinil race. The Chinese banyan, a large widely 
spreading, fast-growing tree, a twig of which is shown in the accompany- 
ing sketch (Fig. 3), was present at Trinil at that time. The rasamala 
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mediate vicinity of Trinil, where the climate is now drier and somewhat 
warmer, but 32 of them, or 62 per cent., are still found in Java. Twenty- 
nine, or 57 per cent., are mainly Indo-Chinese and one (Uvaria) ig now 
confined to India and Ceylon. The flora was an evergreen forest flora, 
upland in character, and is much like that found at the present time in 
the Khassis Mountains of Assam. It indicates the very heavy rainfal 
of about 150 inches yearly as compared with 60 to 100 inches of th 
modern records. A mean annual temperature of about 70° is indicat 
for the early Pleistocene as compared with 75° to 80° of the present. 
The heavy rains and slight lowering of temperatures appear to corre- 
spond to the times of glaciation in Europe and North America, for it 
well known that glaciation in high latitudes was contemporaneous wit 
pluvial periods in the tropics. The survival of so many mammals | 
those of the Pliocene of the foothills of the Himalayas indicate that th: 
Trinil man lived in early Pleistocene times, but the fact that none 
the numerous associated fossil plants are extinct species and that none 
are identical with known Pliocene plants from Java and Japan indicate 
that it must have fallen well within the Pleistocene. That the lower 
bone bed was not appreciably older than the main plant bed which lies 
over it is shown by the presence of some of the same species of plants 
and fresh-water shells in the bone bed and by the presence of some of t! 
bones above the main plant bed. We are thus led to the conclusion that 
Pithecanthropus lived in the tropical evergreen forests of Java during 
the first or second periods of glaciation in Europe and North America, 
or duriag what Europeans call the Scanian (Gunz) and Saxonia: 
(Mindel) glaciations, corresponding to our Nebraskan and Kansan 


sheets. 

This was a long time ago, just how long it is difficult to say. Penck 
from very careful estimates based on a detailed study of the glaciers of 
the Alps estimated that the duration of the Pleistocene was between 
520,000 and 840,000 years. Osborn considers that Pithecanthropus 
lived about 500,000 years ago. Personally I believe these estimates to be 
too large. One fact stands out clearly, that very many thousands of 
years have passed since the ape man and the elephants and hippopotami 
roamed over Java. Some realization of this time may be gathered if we 
deal in the more positive ratios rather than in actual estimates of years. 
If the time that has elapsed since the margin of the ice sheet blocked 
our great lakes and covered New England be taken as a unit, then the 
lapse of time since Pithecanthropus was buried in the river sands of 
Java was at least twenty times as great. 

When we look at the admirable restoration of Pithecanthropus by 
McGregor we see many indications of the ape ancestry and yet lie has 
managed to catch a look of fleeting intelligence and a dumb propheti 
gaze that gives a promise of the great things that the descendants of 
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this far-off ape man were to accomplish. Whether this early P 
cene man, by far the oldest yet known, stood the direct 
ascent to the Neanderthal man which we find later on in Eu 

+ +} ’ ; . . . 


whether he represented an offshoot of this line, vet one ca 


. plate his few bones that have come down to us or that empt 
. case without a tremendous thrill. 
The earth had been luxuriant and mild for eons, practically 
a modern types of animals and plants had already been evolv 
in the dawning days of the Pleistocene with the « 
severe climatic conditions we find the early representa . 
race, subsequently evolving into nomadic hunters 
. dwellers, that spread all over southern Europe, crating 
successive waves from the more arid orient. Races that s 
glaciers of the Rhone and the Rhine and hunted t r ses 
mastodons in southern France. It is a mos S ng 





which Nineveh and Tyre are as but yesterday. 
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THE ORIGIN AND EVOLUTION. OF LIFE 
UPON THE EARTH” 


By HENRY FAIRFIELD OSBORN 


COLUMBIA UNIVERSITY; AMERICAN MUSEUM OF NATURAL HISTORY 


Lecture I, Parr II 
PRIMORDIAL ENVIRONMENT—ENERGY DERIVED FROM THE SuN’s HEa1 
AND LIGHT—LIFE ELEMENTS IN THE SOLAR SPRCTRUM 


ie the change from the lifeless to the living world the properties of 
+ the “life elements” become known as functions. 

The earliest function of living matter appears to have been to captur: 
and transform the electric energy of those chemical elements whic! 
throughout we designate as the “life elements.” This function appears 
to have developed only in the presence of heat energy, derived either 
from the earth or from the sun. This is the first example in the life 
process of the utilization of energy wherever it may be found. At a 
later stage of evolution life captured the light energy of the sun 
through the agency of chlorophyll, the green coloring matter of plants. 

If the lifeless surface of the primordial earth was like that of the 
moon—covered not only with igneous rocks but with piles of heat- 
storing débris, as recently described by Russell®**—the reflecting power 
of the earth’s surface represented a loss of 40 per cent. of the sun’s heat, 
as compared with the present reflecting power of the earth which results 
in a loss of 47 per cent. of the sun’s heat; while the solar radiation 
constant, as measured by Abbott, is 1.923. 

The primal dependence of the electric energy of life on the original 
heat energy of the earth or on solar heat is demonstrated by the uni- 
versal behavior of the most primitive organisms, because when the tem- 
perature of protoplasm is lowered 0° C. the velocity of the chemical 
reactions becomes so small that in most cases all manifestations of life 
are suspended, that is, life becomes latent. Some bacteria grow at or 
very near the freezing point of water (0° C.) and possibly primordial 
bacteria-like organisms grew below that point. Even now the common 
“hay bacillus” grows at 6°C.** Rising temperatures increase the 
velocity of the biochemical reactions of protoplasm up to an optimum 
temperature, beyond which they are increasingly injurious and finally 
fatal to all organisms. In hot springs some of the Cyanophycee (blue- 
green alge), primitive plants intermediate in evolution between bacteria 

52 Fourth course of lectures on the William Ellery Hale Foundation, Na- 
tional Academy of Sciences, delivered at the meeting of the academy at Wash- 
ington, on April 17 and 19, 1916. 

58 Russell, H. N., 1916, p. 75. 

54 Jordan, Edwin O., 1908, pp. 67, 68. 
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ORIGIN OF LIFE UPON THE EARTH 


and alge, sustain temperatures as high as 63° ( 
killed by a temperature of 73° C., which is probably the coagulati 


point of their proteins. Setchell found bacteria living in water of 


springs at 89 C.55 In the next higher order of the Chlorophyc 
(green alge) the temperature fatal to life is lower, being 43° C.°° Ve 
much higher temperatures are endured by the spores of certain ba 


which survive until temperatures of from 105° C. to 120° C. are rea 
There appears to be no known limit to the an nt of dr 1 W 


they can withstand.*’ 


[t is this power of the relatively water-free spores to resist heat 
cold which has suggested to Richter (1865), to Kelvin, and to Arrhenius 
(1908) that living germs may have pervaded spac 
reached our planet either in company with meteorites (Kelvin)®* o1 
lriven by the pressure of light (Arrhenius).°® The fact that so far 
is we know life has only originated once and not itedly appear 
to dispose of these hypotheses ; nor is it courageous 1 put off the 


lem of life origin into cosmic space instead 1f resolutely seek ng 
within the forces and elements of our own humble planet. 
The thermal conditions of living matter point to the probability tha 


> ; 
f } 


life originated when portions at least of the earth’s surface and waters 
had temperatures of between 89° C. and 6° C.; and also to the possi- 
bility of the origin of life before the atmospheric vapors admitted a 


reguler supply of sunlight. 


After the sun’s heat living matter appears to have ptured t 
sun’s light which is essential, directly or indirectly, to all living ener 


higher than that of the most primitive bacteria. The discovery by La 
voisier (1743-1794) and the development (1804) by de Saussure® « 
the theory of photosynthesis, namely, that sunshine, combining solar heat 
and light, is a perpetual source of living energy, laid the foundations 
of biochemistry and opened the way for the establishment of the law 
of the conservation of energy within the living organism. This was t] 
first conception of the cycle of the elements continually passing tl 
plants and animals which was so grandly formulated by Cuvier 
1817 :* 


55 Op. cit., p. 68. 
56 Loeb, Jacques, 1906, p. 106. 
57 Cultures of bacteria have even been exposed to the temperature of liquid 
hydrogen (about — 250° C.) without destroying their vitality or sensibly in 
pairing their biologie qualities. This temperature is far below that at which 
any chemical reaction is known to take place, and is only about 23 degrees above 
the absolute zero point at which, it is believed, molecular movement ceases. On 
the other hand, when bacteria are frozen in water during the formation of nat- 
ural ice the death rate is high. See Jordan, Edwin O., 1908, p. 69. 
58 Poulton, Edward B., 1896, p. 818. 
S® Pirsson, Louis V., and Schuchert, Charles, 1915, pp. 535, 536. 
60 De Saussure, N. T., 1804. 
1 Cuvier, Baron Georges L. C. F. D., 1817, p. 13. 





aot, 


eet as tate 








172 THE SCIENTIFIC MONTHLY 


La vie est done un tourbillon plus ou moins rapide, plus ou moins compliqui 


dont la direction est constante, et qui entraine toujours des molécules de mé: 


sortes, mais ot les molécules individuelles entrent et d’od elles sortent 


tinuellement, de maniére que la forme du corps vivant lui est plus essentielle g 


sa maticere. 


CHEMICAL COMPOSITION OF CHLOROPHYLL 


Se. Gee wdeca ees dat kownes as Gai daw bes » 40.04 
Hydrogen 9.72 
Nitrogen 5.68 
Oxy gen 9.54 
Phosphorus 1.38 
Magnesium 0.34 

100.00 


The green coloring matter of plants is known as chlorop 


chemical composition according to Hoppe-Seyler’s analysis is g 
here.** Potassium is essential for its assimilating activity. Iron ( 
accompanied by manganese) although essential to the product 


chlorophyll is not contained in it. -The chlorophyll-bearing lea 


the plant in the presence f sunlight separate the oxvgen atoms 


the carbon and hydrogen atoms in the molecules of carbon 


(CO,) and of water (H,O), storing up the energy of the hydrog 


carbon in the carbohydrate substances of the plant, an energy w 





HEAT LIGHT CHEMICAL’ 
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Fic, 1. CURVES SHOWING THE OVERLAPPING OF THE HEAT, LIGHT, AND CHI 


WAVES OF THE Sun. After Dahlgren 
stored by deoxidation and which can be released only through reoxi 


ubstal 


tion. Thus the celluloses, sugars, starches, and other similar s1 
which deposit their kinetic energy in the tissues of the plant, rele: 


that energy through the addition of oxygen, the amount of oxyge! 


required being the same as that needed to burn similar substances in t 
air to the same degree; in brief, a combustion which generates heat 
Thus living matter utilizes the energy of the sun to draw a continu 
stream of electric energy from the elements in the earth, the wat 
and the atmosphere. 

This was the first step in the interpretation of life processes in 


62 Sachs, Julius, 1882, p. 758. 
63 W. J. Gies. 


i ie ae 





Ten, 


— 


tiniedterbisenmiii i ath oe enna ee 

















ORIGIN OF LIFE 





UPON THE EARTH 173 







terms of physics and chemistry. What was regarded 100 years 























a special vital force in the life of plants prov: 


\hvsico-chemical forces. The chemical act eee 
fully understood, but it is known to absorb most vigorously the s 
rays between B and C of the spectrum," ar om seins tonne 


ive in assimilation. While the effect of the s il s hetwer ) 
E is minimal those beyond F are again \ 


. ments both of plants and animals the blue rays e ¢ 


e red. Spores olven off as ciliated cells I! I c T 
; e rays. Since the food supply of animals 
ad chlorophyll-bearing plants animals are less ( ndent t 
solar light and solar heat while the chemi f] ites 
hroughout the day with the variations of light ; temper Thus 
Richards® finds in the cacti that the breaking « . 
he splitting of the acid com nds 18 a res 2 
the alternate oxidation and deoxidation of the tissues 


of the sun. 


~*~. 


‘THREE REGIONS OF THE SOLAR SPECTRUM, SHOWING LINES OF 
HYDROGEN, CALCIUM, MAGNESIUM, ETC. 








Fic. 2. Turee REGIONS OF THE Soar SI! j v1 I 
CARBON, NITROGEN, CALCIUM, IRON, MAGNESIUM, S i I 
the Mt. Wilson Observatory. 

The solar energy transformed into th ( wtentia 
of the compounds of carbon, hydrogen, ind « or thy ints is 1 . 
muted by the animal into motion and heat and then dissipated. Thus 
in the life evele we observe both the co SseTval 4. 


64 Loeb, Jacques, 1906, p. 115. 
65 Op. cit., p- 127. 
6¢ Richards, Herbert M., 1915, pp. 34, 73-75. 
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energy, corresponding with first and second laws of thermodynamics 
developed in physics by the researches of Newton, Helmholtz, Phillips, 
Kelvin, and others.** 


“LIFE ELEMENTS” IN THE SUN AND IN OUR PLANET 


We have thus observed that the primal earth, air and water con 
tained all the chemical elements and three of the most simple but in 
portant chemical compounds, namely, water, nitrates and carbon diox 
ide, which are known to be essential to the pre-chlorophyllic and chlor 
phyllic stages of the life process. An initial step in the origin of life 
was the coordination or bringing together of these elements which, s 
far as we know, had never been in combined action before and ar 


widely distributed as they appear in the solar spectrum. Therefore, 


before examining the properties of these elements further, it is interest- 
ing to trace them back into the sun and thus into the cosmos. 

Excepting hydrogen and oxygen, the principal elements which enter 
into the formation of protoplasm are minor constituents of the mass of 
matter sown throughout space in comparison with the rock-forming ele- 
ments."* Again excepting hydrogen, their lines in the solar spectrun 
are for the most part weak and only shown on high dispersion plates, 
while hydrogen is represented by very strong lines as shown by spectri 
heliograms of solar prominences. The lines of oxygen are relativel; 
faint; it appears principally as a compound, titanium oxide (TiO,), it 
sunspots although a triple line in the extreme red seems also to be 
due to it. In the chromosphere, or higher atmosphere of the sun, 
hydrogen is not in a state of combustion, and the fine hydrogen promi 
nences show radiations comparable to those in a vacuum tube.®® 

Nitrogen, the next most important life element, is displayed in the 
so-called cyanogen bands of the ultra-violet, made visible by high dis- 
persion photographs. Carbon is shown in many lines in green, whic! 
are relatively bright near the sun’s edge; it is also present in comets, 
and carbonaceous meteorites (Orgueil, Kold Bokkeveld, etc.) are well 
known. Graphite occurs in meteoric irons. 

In the solar spectrum so far as studied no lines of the “life ele- 
ments,” phosphorus, sulphur, and chlorine, have been detected. On the 
other hand, the metallic elements which enter into the life compounds, 
iron, sodium and calcium, are all represented by strong lines in the 
solar spectrum, the exception being potassium in which the lines are 
faint. Of the eight metallic elements which are most abundant in the 
earth’s crust as well as the non-metallic elements carbon and silicon, 
six are also among the eight strongest in the solar spectrum. In gen- 
eral, however, the important life elements are very widely distributed 


67 Henderson, Lawrence J., 1913, pp. 15-18. 
68 Russell, Henry Norris, letter of March 6, 1916. 
6° Hale, George Ellery, letter of March 10, 1916. 
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in the stellar universe, showing most prominently in the hotter st 


and in the case of hydrogen being universal. 


, ACTION AND REACTION AS ADAPTIVE PROPERTIES OF THE LIF! 
ELEMENTS 





7 Of the total of eighty-two or more chemical elements thus far dis- 
“ee covered at least twenty-nine are known to occur in living organisms 
‘ either invariably, frequently, or rarely, as shown in the accompanyins 
i Table II of the Life Elements. The adaptation of the life elements is 
. i due to their incessant action and reaction, each element having its 
peculiar and distinctive forms of action and reaction, which in the org 
; ism are transmuted into functions. Such activ of the life elements is 
largely connected with forms of electric energy which the physicists « 
ionization, while the correlated or coordinated interaction of various 
groups of life elements is largely connected with processes which th 
chemists term catalysis. Of catalysis we shall speak later. 
Tonization, the actions and reactions of all the elements and el 
lytic compounds—according to the hypothesis of Arrhenius, first p 
forth in 1887—is primarily due to electrolytic dissociation where 
molecules of all acids (¢. g., carbonic acid, H,CO,), bases (e. g., sodiw 
hydroxide, NaOH), and salts (e. g., sodium chloride, NaCl) give off 
streams of the electrically charged particles known as ions. Io 
is dependent on the law of Nernst that the greater the dielectric cay 
of the solvent (e. g., water) the more rapid will be the dissociation of 
the substances dissolved in it, other conditions remaining the same 
Thus ions are atoms or groups of atoms carrying electric charges wh 
are positive when given off from metallic elements, and negative 
given off from non-metallic elements. Electrolytic molecules, according 
to this theory, are constantly dissociating to form ions and the ions 
are as constantly recombining to form molecules. Since the salts of t 
: various mineral elements are constantly being decomposed through ¢ 
trolytic ionization, they play an important part in all the lif 
nomena ; and since similar decomposition is induced by currents of elec- 
tricity, indications are that all the development of living energy is 1 


sense electric. 

In Rutherford’s experiments on radioactive matter” he tells us t] 
in the phosphorescence caused by the approach of an emanatio1 
radium to zinc sulphate the atoms throw off the alpha particles to 
number of five billion each second with velocities of 10,000 miles a 
second; that the alpha particles in their passage through air or other 





medium produce from the neutral molecules a large number of nega- 
tively charged ions, and that this ionization is readily measurable. 
Phosphorescence in plants and animals is also regarded by Loeb™ as 





70 Rutherford, Sir Ernest, 1915, p. 115. 
71 Loeb, Jacques, 1906, pp. 66-68. 
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a form of radiant energy. While developed in a number of living ani- 
mals—including the typical glowworms in which the phenomenon was 
first investigated by Faraday—the living condition is not essential to it 
because the phosphorescence continues after death and may be produc: 
in animals by non-living material. Many organisms show phosphores- 
cence at comparatively low temperatures, yet the presence of free oxygen 
appears to be necessary. 

Finally, we observe that ionization is connected with the radioactive 
elements, of which thus far only radium has been detected in thé 
organic compounds although the others may be present. 

The ionizing electric properties of the life elements are a matter of 
first importance. We observe at once in the table below that all the 
great structural elements which make up the bulk of plant and animal 
tissues are of the non-metallic group with negative ions, with the singh 
exception of hydrogen which has positive ions. All these elements ar 
of low atomic weight and several of them develop a great amount of 


heat in combustion, hydrogen and carbon leading in this function of tl 


TABLE II 
THe Lire ELEMENTS, SHOWING THEIR PRINCIPAL PROPERTIES AND FUNCTIONS 


PLANTS AND ANIMALS 


Mainly or Wholly with or in Negative Ions”™ Mainly or Wholly with or In Positive Ions 
Non-metallic Metallic 
7% ~=Carbon (e. g.,> carbonates) Silicon ” Hydrogen “Iron Lithium 
7s ©6Oxygen (e. g.,”> sulphates) Iodine Potassium Copper Nickel 
7374 Nitrogen (e. g.,”> nitrates) Bromine Sodium Aluminum Radium 
73 Phosphorus (e. g.,° phosphates) Fluorine Calcium Barium Strontium 
7% ~©=6Sulphur (e. g.,"> sulphates ) Boron Magnesium Cobalt Zinc 
Chlorine 7 Arsenic Manganese Lead 


Ionization Elements thus far Discovered in Living Organisms 


72 An ion is an atom or group of atoms carrying an electric charge. The 
positive ions (cations) of the metallic elements move toward the cathode: the 
negative ions (anions) given off hy the non-metallic elements move toward the 
anode. 

78 Together with hydrogen conspicuous in living colloids and non-electrolytes 
—very little in the indicated ionized forms. 

74 Occurs also, as NH,, in positive ions. Here the hydrogen overbalances the 
nitrogen. 

75 Substances occurring in living matter. 

76 Arsenic itself is a metal, but in living compounds it is an analogue of phos 


phorus and occurs in negative ions when ionized. 
77 Pietet has obtained results indicating that liquid and solid hydrogen are 
metallic. Hydrogen is metallic in behavior, though non-metallic in appearance. 
78 Tron in living compounds is chiefly non-ionized, colloidal. Apparently this 
is also true of copper, aluminum, barium, cobalt, lead, nickel, strontium and zinc. 
As to radium, however, there is no information on this point. 


—_ 











(RTH 


B 


j AOU a 


tise pce oad [RIV URS" ) , es "cg 
ULIBU 
ejyred mMwuenb oF jues01g ¢ 1D a 10°01 
RIG I}4o jO Sylva jy ° ' pet |} I (jure 
pur SULIOpOUTye Ul }uUOS } 7)? I | }UDSO1 \4 win uD J 
“41 uO 
spuodop }Aydosoyyo jo AjATR 
sdjoy,, “dse ‘syunjd ouluM Ut umnissyjOd 
‘yueo sod ye . ‘yueo sod “'e-10 ‘surojoid ysour Uy 
*y00) put 
yYRIGIIOA UL puB {pooyq Ul °sp lormgouiq id al 
ur ‘st lsoyd pus suleO1doopond ‘sul hryoydsoyd pue sur yordoejonu uy d snsoydsoy | » LFL’S POT! 
N uaD0s » SFO 10°eI 
‘sul 1 oy} Jul 0 uaDhixG ooo! 
-ULIO} ‘snsoydsoyd Im ‘pup ‘st oad Ruy PUB put ia {8 <jwornovid ‘mydyns YIM ‘Purwss09} ‘sesso 9 uogivg ; Rn's coo'zI 
ood ast] ye ut yun. faryo fo pun 1qUIss? ON NH Fi ee™ us7oOIVTU put *UOFAX ‘uoqivo ‘UaAOIpA H H u Dosph "189 ZOL PE R00'T 


~~ 
~ 
~ 
™“~ 
~~, 
_ 
~ 
— 
~ 
ol 
~~ 
Le 
~ 
Loa] 
~ 
~ 
, 
~~, 
~ 
- 
~ 
— 
~ 
~ 
~ 


ty ’ iy ‘ 1UFPOM 
syewyuy loqulAs seoueEsy oyuioy Vv 


eismsiuvbigg GuravyT ut quasaig hjqviapauy $7U9UWI) YT 














‘suorzsodoad [peurs ut woao ‘susz0y (oru0l) youvawiw ut yuoserd usyA suostod sv popavSer A[UOUTUIOD 1g 


‘snoryijzueape Ajor0ul 
Ayyrquqoid |e ut st wumipeuva puv sdapis ‘unuopqsfou ‘umuvyqzuvy, ‘umrudprp ‘wnrworge ‘wntsed Jo odUeIIND00 IBA A[BuIpooddxe OU, 








*S[B100 QUIOS Ul SORT} ‘STVUITUB MOj] BV UT ‘sjuvid Moy B Uy uz }9UtIZ ig » 62! Le"e9 
‘sjuujd Moy B Uy] Ig WNYUOLI 15 » L6PT £9°L8 
‘s[VUITUR OUIOS Uy] ‘syun|d euros uy vy UNIPDY 1¢ 0922 
‘sjunjd Moy @ Uy 2942UN 16 80'°R¢ 
. ‘sjuvid euros uy wmnriyVT ra's 
“ *s[B100 OUIOS UI SOOBIT, POAT » £20 02° L0Z 
~ “1911180 UBTAXO SB STeUTTUB 
e. JOMO] OUIOS UT JVIVUSSO ‘sfeI0D 9UIOS UT se0TI], ‘sjuuld Maj 8 UT ng sad dois » 890 Lo"e9 
= ‘sjuuld Moy @ Uy oD 909° Die Le 
S ‘syunid euros uy a uoLog orl 
pa ‘sjuvld Moy B Uy eg UNDG 15 » ft86'0 LELel 
™ *S[VUlIU OUIOS U] sy NUISLY 1g *T®9 EOP! 96°FL 
= “S|BUIIUB MO B UT ‘sjun[d Moy B UT IV WUNUIWN} Y 1g lz 
“ay 
~. weir) Jod 1UFPOM 
= sTeuyuy Fuvid joquA4g queWleTy uopsnqwoD Wwe] ayy 
= 
8 suswviig GwavyT us yuasasg fijasny syuowa,q 
=) 
4 
i “*S9u0g 9}BIG9}IOA UI pus Sosn]joOur jo s]jeys ul 
‘Y}90} PUB soUOg JO JUONZIWsUOO—s]|eUIIUB OUIOS UT ‘sjuvld Moy 8 UT a aULLON) 0'6I 
~ ‘SBIUOZIOF) OUIOS Ul /waofydo 
Ns ‘suorjsodoid 4ysys AOA Ul S[eUlIUY OUIOS Uy -wyg ,,’BFye uMOIg,, sy) “dso ‘syuvjd ouueU Uy] Ig qulmoig Z6'6L 
*suorji0doid 4ys1ys AIOA Ul S]eUTTUB 4YsOoUI Uy] “sjuvld eulos uy uW asaunb0un Py £6'°Fo 
“sBIuoz10r) 
aulos ul osTe 8non gy pus DIADULUDT ul ‘paofiydo 
*(pro14y}) speultUY JoYysIY OY} UI [eIyUeSSY -wyg ,,{esye uMoIg,, 94} ‘dso ‘syuvyd ouLvUr uy] I guipoy *J89 9OLT'O 26921 
s[vwyuy s1uvd joquiAg quowala an — 
D 
™ 


suswvbigQ Burry us quasasg fijquanbosg syuowa,g 









ORIGIN OF LIFE UPON THE EARTH 


release of energy, which invariably takes place in 

On the other hand, the lesser components of 

the metallic elements with positive ions, such as 

cium, and magnesium, calcium combining with c 

phorus as the great structural or skeletal builder in animals. 


also so much carbonaceous protein in the animal skelet 


calcium takes the place of carbon in plants on 
reduces the proportion of carbon in the skelet 
with carbon. 

In general the electric action and reaction 
the metallic elements dissolved or suspended 
the source of all the internal functions of 
always in the presence of oxygen and 


} 
} 


of the earth, or of the sun, or of 


CosMIC PROPERTIES AND LIFE FUNCTIONS O1 
ELEMENTS 


Both the time and the mode of the origin o 


speculation, in which we have as yet no observat 

reasoning to guide us, for all the experiments of Biitschl 

imitate the original life process have proved fruitless 

ever, put forward four hypotheses in regard to it, 
First: we may advance the hypothesis that 

organization of living matter was the assemblage « 

of the ten elements essential to life, namely, hydrogen, o 


phosphorus, sulphur, potassium, calcium, magnesium, 


haps silicon), and carbon, which are present in all living organisms wit] 


the exception of some of the most primitive forms of bacteria, w] 
may lack carbon, magnesium, iron and silica. 
important elements were obtained from their 

water (H.O), from the nitrogen compounds 


from the atmosphere,**? consisting largely of 
pheric carbon dioxide (CO,). The remaining 
sulphur, potassium, calcium, magnesium and 

Second: whether there was a sudden or 
ing of these elements, one by one, we are led t 
they were gradually bound by a new form of mutual at 
the actions and reactions of a group of life elements established a new 
form of unity in the cosmos, an organic unity or organism quite distinct 
from the larger and smaller aggregations of inorganic matter previous) 
held or brought together by the forces of gravity. Some such sta; 

82 Ammonia is also formed by electrical action in the atmosphere and unites 
with the nitric oxides to form ammonium nitrate or nitrite: these compounds 
fall to earth in rain.—F. W. Clarke. 
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mutual attraction may have been ancestral to the cell, the primordial] 
unity and individuality of which we shall describe later. 


Third: this leads to the hypothesis that this grouping occurr 


in the gelatinous state described as “colloidal” by Graham.** Sinc 


all living cells are colloidal it appears probable that this grouping of the 





“life elements ” took place in a state of colloidal suspension, for it is 





this state that the life elements best display their incessant action, r 





action and interaction. Bechhold** observes that 


Whatever the arrangement of matter in living organisms in other worlds 
may be, it must be of colloidal nature. What other condition except the col 
loidal could develop such changeable and plastic forms, and yet be able, if neces 
sary, to preserve these forms unaltered? 


Fourth: with this assemblage, mutual attraction, and colloidal . 


dition, a fourth hypothesis is that there arose the rudiments of con 


petition and selection. Was there any stage in this grouping, assen 
blage, and organization of life forms, however remote or rudimentary, 


ny 


when the law of natural selection did not operate between different 


aggregations of matter? Probably not. because each of the chemical li 


ele ments Posse SSeS its peculiar properties whi h in living compounds 
best serve certain functions. This cooperation was also an applicat 


of energy new to the cosmos. In other words, every element, as show 





Fie. 3. Two PxHoroGrRaArHs or THE StN SHOWING (LEFT) THE CLOUDS 
CALCIUM VAPOR IN THE SOLAR ATMOSPHERE, AND (RIGHT) GROUPS OF 
From the Mt. Wilson Observatory. 


in Table IT., “ The Life Elements” (pp. 176-178), and in the descrip- 

tions below, has its single or multiple services to render to the organism. . 
Hydrogen, the life element of least atomic weight, is always near 

the surface of the typical hot stars. Rutherford* tells us that while th 

hydrogen atom is the lightest known its negatively charged electrons 


83 Over fifty years ago Thomas Graham introduced the term ‘‘colloid’’ (L. 


colla, glue) to denote coagulating substances like gelatine, a typical colloid, as 
distinguished from erystalloids. Proteins belong to that class of colloids which, 
onee coagulated, can not return to the liquid condition. 

84 Bechhold, Heinrich, 1912, p. 194. 

85 Rutherford, Sir Ernest, 1915, p. 113. 
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are only about 1/1800 of the 
liberated from metals on which 
leased from atoms of matter 
present in all acids and in n 
highest power of combustion.” 
animal respiration and in gast1 
sociating or separating oxvgen 


iffinity for oxygen 


protoplasm. 


Oxygen, like hy 
the organism other elements ust 
up two thirds of all animal tissue a 
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was by no means fortuitous. Including the artificial products the known 
carbon compounds exceed 100,000, while there are thousands of con 


pounds of C, H, and O, and hundreds of C and H.** Carbon is so domi- 





nant in living matter that biochemistry is very largely the chemistry of 
carbon compounds; and it is interesting to observe that in the evolution 


of life each of these biological compounds must have arisen suddenly as : 
. . , . . , . . y 

a saltation or mutation, there being no continuity between one chemical] : 
. . 

eompound and another. 
‘ 

°F 

7 





Fic. 4. (LOWER) SOLAR PROMINENCES SURROUNDING THE Sun (UPPER) THE SAME 
GREATLY ENLARGED. From Mt. Wilson Observatory. 

Phosphorus is essential in the nucleus of the cell,®* being a large 
constituent of the intranuclear germ plasm, or chromatin, which is the 
seat of heredity. It enters largely into the structure of nerves and brain, 
and also, as phosphates of calcium and magnesium, serves an entirely 





diverse function as building material for the skeletons of animals. 

Sulphur, uniting with nitrogen, oxygen, hydrogen and carbon, is an 
essential constituent of the proteins of plants and animals.®* It is espe- 
cially conspicuous in the epidermal protein known as keratin, which by 
its insolubility mechanically protects the underlying tissues.°%* Sulphur 

93 Henderson, Lawrence J., 1913, p. 193. 

94 Op. cit., p. 241. 

95 Op. cit., p. 242. 

96 Pirsson, Louis V., and Schuchert, Charles, 1915, p. 434. 
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is also contained in one of the physiologically important substances 
bile.®” 

Potassium separates hydrogen from its union with oxygen in water 
and is the most active of the metals, biologically considered, in its posi- 
tive ionization.** ‘Through stimulation and inhibition potassium salt 
play an important part in the regulation of life phenomena, and they 


are essential to the living tissues of plants and animals, fresh-water 








Fic. 5 HYDROGEN FLOCCULI SURROUNDING A GrRoUP OF SuN SPOTS SHOWING THI 
VORTEX STRUCTURE From the Mt. Wilson Observatory 


) 






marine plants, in particular, storing up large quantities in their tissues. 


Potassium is of service to life in building up complex compounds from 






which the potassium can not be dissociated as a free ion; it is thus one 






of the building stones of living matter.*® 







Magnesium is fourth in order of activity among the metallic el 
g 

ments. It is essential to the chlorophyll, or green coloring matter 
plants, which in the presence of sunshine serves in the dissociation of 






oxygen from the carbon of carbon dioxide and the hydrogen of water. 






It is also found in the skeletons of many invertebrates and in the coral- 






line alge. 






Calcium is third in order of activity among the metallic elements. 






According to Loeb’™ it plays an important part in the 






through stimulation (irritability) and inhibition. It unites with carbon 
as carbonate of lime and is contained in many of those animal skeletons 







which, through deposition, make up an important part of the earth’s 





7 


crust. In invertebrates the carbonate, except in certain brachiopods, is 


97 Gies, W. J. 
%8 Caesium is more electropositive—F. W. Clarke. 
99 Loeb, Jacques, 1906, p. 94. 

100 Op. cit., p. 72. 
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far more important as skeletal material than the phosphates: the lime- 
stones form only about five per cent. of the sedimentaries. Shales an 
sandstones are far more abundant. 

Iron is essential for the production of chlorophyll’? though, un 
like magnesium, it is not contained in it. It is present as well in a 
protoplasm, while in the higher animals it serves, in the form of oxy- 
hemoglobin, as a carrier of oxygen from the lungs to the tissues.?® 

Sodium is less important in the nutrition of plant tissues, but . 
serves an essential function in all animal life in relation to moveme 
through muscular contraction.** Its salts, like those of calcium, pl: 
an important part in the regulation of life phenomena through stimu- 


lation and inhibition.2™ 


Iodine, with its negative ionization, becomes useful through its 3 
capacity to unite with hydrogen in the functioning of the brown alge an 
in many other marine organisms. It is also an organic constituent ; 
the thy roid gland of the vertebrates.*°* The iodine content of crinoids 
stalked echinoderms—varies widely in organisms gathered from different : 
parts of the ocean according to the temperature and the iodine content 


t 


of the sea-water. Jodine and bromine are important constituents of th: 





organic axes of gorgonias. 

Chlorine, like iodine, a non-metallic element with negative ions, is 
abundant in marine alge and present in many other plants, while i 
animals it is present in both blood and lymph. In union with hydrog 
as hydrochloric acid it serves a very important function in the gastri 


digestion of proteins.’ 

Barium, rarely present in plants, has been used in animal experi 
mentation by Loeb, who has shown that its salts induce muscular per 
stalsis,and accelerate the secretory action of the kidneys.*®* 

Copper ranks first in electric conductivity. In the invertebrates, i1 
the form of hemocyanine, it acts as an oxygen carrier in the fluid circula 
tion to the tissues.*°* It is always present in certain molluscs, such as 
the oyster, and also in the plumage of a bird, the Turaco. Although 
among the rare life elements it ranks first in toxic action upon fungi, 
alge, and in general upon all plants, yet it is occasionally found in the 
tissues of trees growing in copper-ore regions.**° 

In general most of the metallic compounds and several of the non- 
metallic compounds are toxic or destructive to life when present in larg: 

102 Sachs, Julius, 1882, p. 699. 

103 Henderson, Lawrence J., 1913, p. 241. 

104 Loeb, Jacques, 1906, p. 79. 

105 Op. cit., pp. 94, 95. 

106 Henderson, Lawrence J., 1913, p. 242. 

107 Op. cit., p. 242. 

108 Loeb, Jacques, 1906, p. 93. 

109 Henderson, Lawrence J., 1913, p. 241. 
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quantities. All the mineral elements of high atomic weight are toxic 
in comparatively minute proportions, while the essential life elements of 
low atomic weight are toxic only in comparatively large proportions. 
Toxicity depends largely upon the liberation of ions, and non-ionized 
and non-ionizable organic compounds—such as hemoglobin containing 
non-ionizable iron—are wholly non-toxic. 

We thus return to the conception set forth above in our four hy- 
potheses that in the origin and early evolution of the life-organism the 
gradual selection and grouping of the ten chief life elements and of the 
nineteen or more subsequently added may have been analogous to a series 
of inventions and discoveries or to the successive addition of new char- 
acters and functions such as we may trace through paleontology in the 
origin and development of the higher plants and animals. 

Prior to the entrance into the organism of the active metals there 
may have arisen the utilization of the binary compounds of carbon and 
oxygen (CO,) and of hydrogen and oxygen (H,O), to the attractive 
power of which Henderson™ has especially drawn our attention. He 
points out that it is the attraction of oxygea or of hydrogen or of both 
combined which is now bringing and in the past may have brought into 
the organism other elements useful to it in its various functions. In 
other words, oxygen and hydrogen were selective agents. In fact, those 
inorganic compounds which contain neither hydrogen, carbon, nor oxy- 
gen make up but a very small percentage of the substance of known 
bodies. Further, the most active inorganic compounds contain either 
hydrogen or oxygen. All acids contain hydrogen, most of them oxygen 
as well, and many bases contain oxygen, although such bases as am- 
monium (NH,) do not. Thus hydrogen and oxygen are elements un- 
rivaled in chemical activity, which enable living organisms to make use 
of other elements at need. 

The incorporation of the active metals, potassium, sodium, calcium, 
magnesium, iron, manganese and copper, into the substance of living 
organisms may have occurred in the order of their activity in capturing 
energy from the environment and storing it within the organism. For 
example, an immense period of time mzy have been traversed be‘ore 
there occurred the addition of magnesium and iron to certain hydro- 
carbons which enabled the plant to draw upon the energy of solar light. 


ADAPTATION IN THE COLLOIDAL STATE 


In the lifeless world matter occurred both in the crystalloidal and 
colloidal states. It is in the latter state, as observed above (p. 180), that 
life originated. It is a state peculiarly favorable to action, reaction, and 
interaction, or the free interchange of physico-chemical energies. Each 
crganism is in a sense a container full of a watery solution in which 

111 Henderson, Lawrence J., 1913, pp. 239, 240. 
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various kinds of colloids are suspended.*** Such a suspension involves 
a play of the energies of the free particles of matter in the most delicate 
equilibrium, and the suspended particles exhibit the vibrating move- 
ment attributed to the impact of the molecules.*** These free particles 
are of greater magnitude than the individual molecules, in fact, they 
represent molecules and multimolecules; and all the known properties 
of the compounds known as “ colloids ” can be traced to feeble molecular 
affinities between the molecules themselves, causing them to unite and to 
separate in multimolecules. Among the existing living colloids are cer- 
tain carbohydrates, like starch or glycogen, proteins (compounds of 
carbon, hydrogen, oxygen and nitrogen with sulphur or phosphorus), 
and the higher fats. The colloids of protoplasm are dependent for their 
stability on the constancy of acidity and alkalinity, which is more or 
less regulated by the presence of bicarbonates.*** 

Electrical charges in the colloids'*® are demonstrated by currents of 
electricity sent through a colloidal solution, and are interpreted by 
Freundlich as due to electrolytic dissociation of the colloidal particles, 
alkaline colloids being positively charged while acid colloids are nega- 
tively charged. The concentration of hydrogen and hydroxyl ions in 
the ocean and in the organism is automatically regulated by carbonic 
acid (CO,).1?* 

Among the colloidal substances in living organisms the so-called 
enzymes are very important since they are responsible for many of the 
processes in the organism. Possibly enzymes are not typical colloids 
and perhaps, in pure form, they may not be classified as such; but if they 
are not colloids they certainly behave like colloids.*** 


COORDINATION OF THE PROPERTIES OF THE LIFE ELEMENTS THROUGH 
INTERACTION 


We have thus far traced the actions and reactions of the life elements, 
which are mainly contemporaneous, direct, and immediate; they do not 
suffice to form an organism. As soon as the grouping of chemical ele- 
ments reaches the stage of an organism interaction becomes essential, 
for the chemical activities of one region of the organism must be harmo- 
nized with those of all other regions; the principle of interaction may 
apply at a distance and the results may not be contemporaneous. This 
is actually inferred to be the case in single-celled organisms such as the 


Ameba,""* 
The interacting and coordinating form of lifeless energy which has 


112 Bechhold, Heinrich, 1912. 

118 Smith, Alexander, 1914, p. 305. 

114 Henderson, Lawrence J., 1913, pp. 157-160. 
115 Loeb, Jacques, 1906, pp. 34, 35. 

116 Henderson, Lawrence J., 1913, p. 257. 

117 Hedin, Sven G., 1914, pp. 164, 173. 

118 Calkins, Gary N., 1916, pp. 259, 260. 
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proved to be of the utmost importance in the life processes in that recog- 
nized in the early part of the nineteenth century and denoted by the 


term catalysis, first applied by Berzelius in 1835. A catalyzer is a sub- 
stance which modifies the velocity of a distant chemical reaction without 
itself being used up by the reaction. Thus chemical reactions may | 
accelerated or retarded and yet the catalyzer loses none of its energy. 
In a few cases it has been definitely ascertained that the catalytic agent 
does itself experience a series of changes. The theory is that cataly 
phenomena depend upon the alternate decomposition and recomposition, 
or the alternate attachment and detachment of the catalytic agent. 
Discovered as a property in the inorganic world catalysis has proved 
to underlie the great series of functions in the organic world which may 
be comprised in the physical term interaction. The researches of Ehr- 
lich and others fully justify Huxley’s prediction of 1881 that through 
therapeutics it would become possible “to introduce into the economy a 
molecular mechanism which, like a cunningly contrived torpedo, shall 
find its way to some particular group of living elements and cause an 
explosion among them, leaving the rest untouched.” In fact, the 


interacting agents known as “enzymes” are such living catalyzers**® 
which accelerate or retard reactions in the body by forming intermediary 


unstable compounds which are rapidly decomposed, leaving the cata- 


lyzer (1. e., enzyme) free to repeat the action. Thus a small quantity 
of an enzyme can decompose indefinite quantities of a compound. The 


activity of enzymes is rather in the nature of the “interaction” o 
Newton than of direct action and reaction, because the results are pro- 


duced at a distance and the energy liberated may be entirely out of | 


portion to the internal energy of the catalyzer. The enzymes being 
themselves complex organic compounds act specifically because they do 
not affect alike the different organic compounds which they encounter in 
the fluid circulation. 

Hence, as a fifth hypothesis relating to the origin of organisms, we 
may advance the idea that the evolution and specialization of various 
catalyzers (including enzymes or “unformed ferments”) has proceeded 

d 


step by step with the evolution of plant and animal functions. In the 
evolution from the single-celled to the many-celled forms of life and the 
multiplication of these cells into hundreds of millions, into billions, 


and into trillions, as in the larger plants and animals, biochemical coordi- 
nation and correlation become increasingly essential. In fact, none of 
the discoveries we have hitherto described throws greater il!umination on 
ions and the 


by-products of metabolism in the circulation of the plant and animal 


the life processes than this connected with the internal secr 


fluids. It is known that, as Huxley prophesied, enzymes do reach par- 
ticular groups of living elements and leave others untouched. For ex- 


ample, the enzyme developed in the yeast ferment produces a differen 


o 
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result in each one of a series of closely related carbohydrates.” 
Driesch*** has suggested that within the nucleus of the cell is a store- 
house of these ferments which pass out into the protoplasm tissues and 
there set up specific activities ; and recently it has been suggested that it 
is hormones which affect certain hereditary determiners in the chromatin 
or germ plasm itself. 

In 1849 there was given the first experimental proof of action exer- 
cised upon an organism by a ductless gland.*** Berthold transplanted 
the testicles of young cocks, which afterward developed the masculine 
voice, sexual desire, comb, and love of combat, thus anticipating Brown- 
Sequard, who committed himself to the view that a gland, ductless or 
not, elaborated substances essential to the growth and maintenance of 
the body. Continuing the investigation of the chemical correlation of 
the activities of animal bodies, Bayliss and Starling proposed the name 
“hormones” (épyaw, to awaken, stir up). Hormone-producing agents 
develop from certain endocrine organs or glands of internal secretion. 
The secretion of a gland may act indirectly: e. g., the influence of the 
thyroid by way of the thymus upon the activities of the stomach. 

The heredity theory proposed by Cunningham’ was based upon 
the discovery that the connection between the germ cells and the 
secondary sexual organs, which was supposed to be of a nervous nature, 
is really chemical. Since hormones from the germ cells determine the 
development of many other bodily organs, it is possible that hormones 
due to various cellular activities in the body may act upon the deter- 
miners in the germ cells which correspond to the tissues from which 
these hormones are derived. Cunningham’s hypothesis suggests a means 
by which bodily modifications due to environmental and developmental 
conditions could modify corresponding determiners in the germ cells. 

Catalytic action originates in the by-products of single chemical 
combinations. For example, the carbon dioxide liberated in cell metabo- 
lism acts at a distance on other portions of the cell and of the organism. 
“Tn a sense, too,” observes Abel, “as has been frequently pointed out, 
every cell of the body furnishes in the carbon dioxide which it eliminates 
a hormone or product of internal secretion, since under normal condi- 
tions the carbon dioxide of the blood is one of the chief regulators of 
the respiratory center, influencing this center by virtue of its acidic 
properties.”** But in the course of evolution certain entire cells and 
finally groups of cells took on this function of coordinating and corre- 
lating the activity of the complex organism. Thus certain glands arose. 

Among the catalysers are those which accelerate general growth 
through stimulating specific chemical activities and others which retard 

120 Moore, F. J., 1915, p. 170; and Loeb, Jacques, 1906, pp. 21, 22. 

121 Wilson, Edmund B., 1906, p. 427. 

22 Cunningham, J. T., 1908, pp. 372-428. 
123 Abel, John J., 1915, p. 168. 
124 Halsted, William Stewart, 1914, pp. 224, 225. 





- Oe 







neo 





ORIGIN OF LIFE UPON THE EARTH 
general growth. There are also catalysers which accelerate or retard 
the growth of certain organs or parts of the body. The enzyme theory 
has developed with extreme rapidity but is still, doubtless, in its infa 

In the concluding section of this lecture we shall trace these physical 
and chemical principles into some of the simpler forms of life.*** 
(To be continued) 
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THE ROLE OF SERVICE IN EVOLUTION 


- 
By Proressok HERVEY WOODBURN SHIMER 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
J 

ERVICE is an essential of life upon this earth. Compulsory it 
K surely is in the vast majority of plants and animals, but it becomes 
more 2d more voluntary in the higher types of the invertebrate animals 

: and finds finally its highest expression among the vertebrates in man. 

When one organism is forced to yield its body for the nourishment 
of another it renders the grossest form of compulsory service. Yet all 
animals and many vegetable forms are dependent upon the death of 

A other organisms for the prolongation of their own life. 

‘*Life evermore is fed by death, 
In earth and sea and sky; 
And, that a rose may breathe its breath, 
Something must die. 

‘*The milk-haired heifer’s life must pass 
That it may fill your own, 
As passed the sweet life of the grass 
She fed upon.’’ 

To this compulsory service is due nearly all life upon earth and all 
opportunity for higher development. So that mere living rolls up the 
debt each individual owes to myriads of other individuals. 

A higher type of compulsory service is seen in those organisms in 
which the production of young results in the death of the parent. This is 
the case in most herbs among plants and in many protozodns and insects 
among animals. Though the organism is compelled to perform this 
service, it lives its allotted span and then dies; death is not a tragedy. 
Compulsory service is also rendered by the individuals of one generation 
to those of the next in the furnishing of food for the developing embryo; 
the storage of nutriment around the germ in aJl higher plants, the pro- 

ts vision of yolk for consumption within the shell or other envelope in the 
higher invertebrates and in all vertebrates, except the mammals, as well 
as the interuterine nourishment of embryonic mammals. 

. In the instinct, however, which furnishes food and protection to the 

. growing offspring we have, coupled with an involuntary service, a cer- 


tain amount of the voluntary indicated by variability among individuals 
of the same species in the amount and kind of labor they expend upon 
their young. This variability, increasing in the higher types of animals, 
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is an indication that some individuals are beginning to put a small 
amount of choice into this service. In the solitary wasps, typified by 
Ammophila, individuals of the same species differ greatly in the amount 
of food they furnish their young. Some are good providers, others poor. 
Some also are exact and precise in all their movements, others are very 
negligent and disorderly, leaving their offspring less effectively pro- 
tected in numerous ways. 

There is similarly a high degree of difference among individuals of 
the same species in the vertebrate line from fish up to man in the amount 
and efficiency of voluntary service to offspring. Some sunfish, for 
example, will fight courageously to protect their rude nests, others are 
very timid. Some birds, though trembling with fright, will continue 
to sit upon and protect their eggs even when threatened with death, 
while other individuals of the same species desert their eggs or young 
upon the least approach of danger. The lower races of man, likewise, 
show their inferior stage of development most forcibly in the insufficient 
food and care they give to wife and children. 

As we glance backward over the history of the earth from the present 
Cenozoic Era, through the Mesozoic and Paleozoic, we see that compul- 
sory srvice was ever present; that many millions of years ago in the 
lowest Paleozoic the grosser kinds alone existed; that gradually 
through the succeeding ages higher types of compulsory service appeared, 
existing side by side with the grosser; that, finally, voluntary service 
evolved, and, developing very slowly, reached a degree worthy of the 
name only in the Cenozoic. These various types of service continued to 
exist side by side; and since it was the more highly evolved plant or 
animal group that exhibited the correspondingly high type of service 
these occupied the better regions of the earth, forcing the less highly 
developed to less desirable habitats. 

That the consumption of other organisms for the prolongation of 
one’s own life extends from the present to the early periods of earth 
history not only the testimony of tooth structure, claws, tentacles and 
other food-capturing organs testify, but a multitude of actual records 
prove. Skeletons of marine reptiles (Plesiosaurs) are abundant in the 
Mesozoic era, which show in the region of the body where the stomach 
was formerly situated, the crushed cells of pelecypods and ammonites, 
the internal skeletons of squids and the broken bones of flying reptiles. 
In the living chamber of fossil cephalopods also occur at times the hard 
shell and scale remnants of the diet of these animals; these are found 
from the lower Paleozoic to the present. The appearance of fish scales 
in the living chamber of lower Paleozoic individuals testifies to the 
welcome they gave the earliest fishes upon this earth. 

Besides this gross type of compulsory service there was present by 














=— 











SERVICE IN EVOLUTION 


mid-Paleozoic time the forced yielding of the parent’s life for the pro- 
duction of young. ‘There were probably many protozoons of which this 


was true, as it undoubtedly was of many corals whose remains have been 
preserved, as well as of the many herb-like plants with a single growing 
season. It was, on the whole, the lower plant or animal groups only 
whose life span was thus reduced; to the higher groups a longer life 
was a necessity. Such higher individuals had been evolved by mid and 
upper Paleozoic time and these were compelled to prepare a consider- 
able amount of nourishment for the developing embryo. This was true 
of the primitive seed-plants, as well as of the early fish, amphibians and 
reptiles. 

If we may judge by the most nearly related living forms, there 
must likewise have been present during the entire Paleozoic a rudi- 
mentary kind of instinct, with but a minimum amount of free choice 
and hence of voluntary service. Even the insects, first appearing in the 
upper Paleozoic and rapidly becoming so numerous in the vast coal- 
swamps of that time, all belonged to the lower orders with a very low 
degree of instinct. 

With the evolution in the Mesozoic era of the higher seed-plants, 
insects and fish, and of the most primitive birds and mammals, a higher 
type of compulsory service was initiated and a distinct beginning in 
voluntary service made. The higher seed-plants, typified by the oak and 
hickory, furnished a larger amount of embryonic nutriment and better 
seed protection than did the primitive seed-plants of the upper Paleo- 
zoic. The development of bees, ants and wasps with the mid-Mesozoic 
was most probably accompanied with a beginning of that wonderfully 
evolved instinct and of some voluntary service to their young, as well 
as to the members of the community, which characterize their modern 
representatives. The incoming at the same time of the highest order of 
fishes, the Teleostei, may likewise have been accompanied in some indi- 
viduals, as it is in many of their living descendants, by a certain amount 
of voluntary service. 

Some of the Mesozoic mammals, allied to the existing monotremes, 
probably like these laid eggs, hatched them as birds now do and then 
suckled the young; while others, more nearly. related to the kangaroos 
and insectivores were, in all probability, like their modern represent- 
atives, forced to protect and nourish the embryo within the body until 
well developed and after birth to continue this care by fighting off 
enemies and nursing the young. While all the service before birth, and 
much after it, was compulsory there still remained a distinct amount of 
voluntary service both in hatching the eggs and in feeding and protect- 
ing the offspring. 

During the Cenozoic appeared the highest forms of service, both 
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compulsory and voluntary, yet developed on the earth. The production 
of conspicuous flowers, of nectar and other devices for the perpetuation 
of species of plants is a form of compulsory service originating mostly 
during the Cenozic, though undoubtedly some of these devices received 
their inception in the Mesozoic. 

The development in the Cenozoic of the living groups of birds was 
accompanied, if it did not originate in the Mesozoic, with the hatching 
instinct. A considerable amount of this instinct is, however, voluntary 
service, since it differs so greatly among individuals of the same spe- 
cies or variety. After the young are hatched the parents are doubtless 
compelled by instinct to feed and protect them, but here again much of 
the service is without doubt voluntary. (Since the birds of the Mesozoic 
were reptile-like in the sharp teeth, claws upon the wings and long 
vertebrated tail possessed by most individuals, they may also have been 
reptile-}.'.. in their failure to personally hatch their eggs and feed and 
protect the young.) 

The appearance of carnivore, rodent and hoofed mammals in the 
lower part of the Cenozoic initiated a much higher type of voluntary 
service. These mammals, to judge by their nearest living relatives, 
were compelled to serve their young before birth by interuterine nourish- 
ment and after birth through the secretion of milk. They also pro- 
tected their young as well as their mates, and procured them solid food. 
They were doubtless impelled to these latter acts by instinct, but a con- 
siderable amount of voluntary service was present. 

In the upper part of the Cenozoic appeared man, and with him began 
the development of the highest type of voluntary service yet evolved 
upon this earth. Slowly, extremely slowly, it advanced at first and was 
for long doubtless limited to the family; gradually, however, it was ex- 
tended to other members of the clan, nation, language and finally even 
to the barbarian, heathen or gentile, and even to lower animals and to 
plants. Man is, however, still under the law of compulsory service. The 
unborn young must still be given interuterine nourishment and the 
young child food and care, while public opinion and man-made laws 
force the laggard to duties which he is not yet sufficiently evolved to 
perform voluntarily. 

We thus see that the development of life upon this earth was due to 
mutual service, that without such service no higher forms of life could 
have evolved. Animals can live only through the death of other animals 
or of plants. Both animals and plants are compelled to give of their 
strength, or often of life itself,in the productionof young. As animals 
and plants became more highly evolved they developed a higher type of 
service, that of furnishing more nourishment and better protection to 
their offspring. Very gradually, side by side with the higher kinds of 
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! compulsory service, there was evolved a voluntary service; minute in 
kind and amount at first, it has finally come in the nobler members 
mankind to dwarf the former by comparison into insignificance. Pre 
Paleozoic time and the long Paleozoic era stand for low types of com- 


pulsory service; the Mesozoic for higher kinds of compulsory service 

with a definite beginning of voluntary service, while during the Ceno- 

° zoic this latter type increased in amount until at present in man it far 
overshadows the service of compulsion. 

Evolution as we see it upon this earth has thus occurred through 

each successively higher group, taking more and more from others, 


especially from parents, and giving more and more in return, especially 
to offspring; the service rendered is passed on, not returned. When, 
however, a plant or animal group takes more and more from others 
without giving aditional service in return, we have parasitism, and 
parasites are not now, nor were they in the distant past, in evolving 
lines. Parasites whether plant, beast or human are degenerate; the 
individuals become weaker and weaker and finally the life ends in death. 

The trend of evolution has thus been from compulsory service to 
voluntary, from an enforced aid to others to help given because of love 
for others. Those lives develop most rapidly and nobly which most 
nearly conform to this trend. 
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THE RELATION OF HEREDITY TO CANCER IN MAN 
AND ANIMALS 


By C. C. LITTLE 


CANCER COMMISSION OF HARVARD UNIVERSITY 


HE existence of hereditary tendencies or predispositions to cancer, 
in man, has been for years and still is a much debated question. 
In the face of a steadily increasing volume of evidence both pro and 
contra, not only laymen, but the medical profession as well are still of 
uncertain or divided opinions. Gradually, however, medical institutions 
have taken up the investigation of the problem until at present a con- 
siderable number of laboratories are engaged in experimental studies to 
determine the importance of heredity in the transmission of cancer. Be- 
cause of this fact it may be of interest to consider broadly the relation of 
present genetic methods to the problem of human cancer. We may do 
this in the hope of determining in advance, if possible, the necessary 
limitations in applying such methods to the problem in question. 

Two main lines of research in genetics may contribute data which 
have a definite bearing on the question as to whether or not there are 
hereditary tendencies to cancer in man. The first of these is a study of 
family histories in human beings themselves; the second is the experi- 
mental study of inheritance in the lower mammals. 

The value of any data obtained must obviously be based on its scien- 
tific accuracy and on its applicability to the problem under consideration. 
We may now briefly consider the obtainable data in the two branches of 
research indicated and apply to them the test of value, above mentioned. 

All data involving several generations of human beings are of neces- 
sity, under our present methods, based at least partly on “hearsay” 
evidence. The amount of data so obtained when compared with those ob- 
tained by direct observation will of course vary in different individual 
problems. It will, however, always be present as a source of fundamental 
inaccuracy. 

There are many other minor, but none the less important, sources of 
error. Among these may be mentioned ignorance as to the exact cause 
of death or diagnoses based on clinical rather than autopsy data. Failure 
to give sufficient prominence to age, a8 an important factor, may further 
complicate the problem. Numerous similar conditions combine with 
those mentioned to make the data gathered from available sources en- 
tirely unreliable in determining the course of inherited tendencies to 


cancer in the human race. 
The accuracy of the data obtained from experimental studies of the 
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smaller mammals is, on the other hand, sufficient to warrant reliance 
being placed upon them. Among the smaller mammals, none appear to 
offer material so favorable to the problem in question as do mice. Their 
short life cycle, rapidity of multiplication, convenient size and adaptabil- 
ity are supplemented by a varied and representative series of neoplasms 
serving to give them a unique value. Such studies as those of Tyzzer 
and Murray, and more recently those of Slye, Loeb and Lathrop, have 
proved beyond question that here ditary factors play an extremely impor- 
tant part in determining the incidence of cancer in mice. Though the 
fact of inheritance is undoubtedly established, the method of inheritance 
is as yet undetermined. Doctor Slye’s work has repeatedly shown that 
non-cancerous parents may give cancerous offspring, and that cancerous 
parents may give non-cancerous offspring. This at once indicates a com- 
plicated type of inheritance, the exact nature of which is still in doubt. 

Even in the case of inoculated tumors in mice, where our sole concern 
is growth of the tumor after its implantation, we have recently found 
that the interaction of many hereditary factors is involved (Little & 
Tyzzer, 1915). 

Although smaller animals, as shown above, possess great advantages 
over man as material for studying the influence of heredity on the occur- 
rence of spontaneous cancer, they, nevertheless, because of the fact that 
they are commonly genetically heterogenous, and because cancer is a 
disease influenced by sex and by the age of the animal, are not free from 
certain inherent limitations which make the analysis of the hereditary 
factors, beyond a certain point, extremely difficult. The only possible 
exception to this statement will be a race of animals so closely inbred as 
to be essentially homogeneous in its hereditary constitution. Various 
geneticists as, for example, Pear] and Jennings, have computed with 
ch a condition of 


accuracy the amount of inbreeding necessary before s1 
homogeneity is closely approached. From their work it appears that 
many generations of continuous closest inbreeding, such as, for example, 
own brother and sister matings, must be made before homogeneity of 
genetic constitution is approximated. It is safe to say that none of th 
material thus far employed in investigations with spontaneous tumors 
meets this requirement. 

Some doubt has been expressed as to the applicability of the results 
obtained with small mammals such as mice, for example, to the problem 
of human cancer. In so far as these results may affect the acceptance of 
the fact of heredity, doubts are not justified by analogy with any of the 
cases of inheritable characters, so far investigated. It is possible and 
permissible to argue the existence of hereditary tendencies to cancer in 
man on the basis of proved existence of such tendencies in other mam- 


mals, Similar arguments have been shown to apply to albinism, spotting, 
shape of hair, color of eyes, certain abnormalities in growth of the bones, 
and to many other characters. 
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It further appears that certain histories of human families are stri- 
king enough, even with present imperfect methods of obtaining data, to 
indicate strongly the presence of hereditary tendencies to cancer in man. 
Not only is this the case, but the problem may be approached from the 
opposite viewpoint and the data supposed to show the non-inheritable 
nature of human cancer may be examined. Such work as that of Pear- 
son, and other biometricians, while adding little in accuracy to the meth- 
ods of obtaining data on human inheritance, are guilty of a gross mistake 
in their method of analysis. Their weakness lies in the fact that they 
are able to detect only the direct or Galtonian type of inheritance and 
are utterly unable to recognize or utilize the well-defined and accepted 
principles of transmission by individuals of hereditary potentialities 
throughout an indefinite number of generations without any morpho- 
logical manifestation of those potentialities until similar or otherwise 
suitable mates appear. Biometrical methods are of undoubted value, but 
they fall short of the whole truth, and can not in this case be taken as 
alone disproving the occurrence of hereditary factors in the case of 
human cancer. 

An example of an actual case of inheritance in mice may serve to 
make clear the limitations of biometric methods of detecting even the 
fact of inheritance. All pigmented mice are classifiable into two groups, 
those having solid colored or “ self” coats, and those having white spots 
of varying sizes. In other words, the mouse is either “self” or 
“ spotted ” in appearance. Supposing a mixed population of let us say 
15,000 mice, some of which are “ self,” some “ spotted,” and let us try to 
prove that spotting is or is not inherited. Following certain biometric 
methods we shall consider the parents and grandparents of each spotted 
mouse as compared with the same ancestral generations of non-spotted 
(“self”) mice. 

Any of the following types of ancestry are possible and have actually 
been repeatedly obtained in the laboratory. 
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Between these extreme types of ancestry every possible intergrade has 


been obtained again and again, so that if we happened by chance to pick 
matings of the types (a) or (d), or others approaching them, we should 
undoubtedly prove the inheritance of spotting to our own satisfaction. 
On the other hand, if matings (b) and (c) had happened to have been 
our experience, we should believe that no such inheritance existed. Gen- 
erally speaking, a mixed population of spotted animals would form for 
biometric methods of analysis only confused and inconclusive material on 
which no conclusion of lasting value could be based. 

It has, however, long been known that spotting in mice ts inherited, 
and I have recently been able to account for and predict the occurrence 
of the spotted forms on the basis of the interaction of at least three pairs 
of hereditary factors showing Mendelian or alternative inheritance. In 
making the analysis of this problem it was fortunate that in certain races 
in the laboratory, only one or at most two of the three types of spotting 
existed together. This fact made possible the recognition of certain 
relationships between the different types of spotted coat which would 
otherwise have certainly escaped notice, and without which even an 
incomplete explanation of the facts would have been impossible. 

The case of spotting in mice has been entered into at some length 
because of the fact that it proves the inadequacy of purely biometric 
methods to detect or explain a case of heredity even involving as few as 
three pairs of factors. Moreover, these spotting factors produce a series 
of forms recognizable in early life, and spotting, unlike cancer, is free 
from the effects of age, sex or any but the most radical environmental 
disturbances. To disprove inheritance solely by biometric methods in 
this simple case is impossible, and the same is certainly true in the obvi- 
ously less simple case of cancer. 

If now we turn to a consideration of the human beings as material 
and of certain facts concerning the biological nature of cancer, we can 
recognize the handicaps under which we must work, if we attempt to 
investigate the course of hereditary tendencies to cancer in man. 

Biologically, cancer may be considered as consisting of a mass of 
tissue of local origin manifesting uncontrolled and unlimited growth. 
The p.«blems of its etiology are therefore essentially those of the fac- 
tors causing, limiting and directing cell division. 

If we for a moment consider the cells of the animal body as units, 
we can picture the embryo of any mammal, at the gastrula stage, 
as consisting of essentially two types of slightly differentiated cells, 
ectoderm and endoderm. Each of the two types of cells may figura- 
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tively be considered as a “species” consisting of a number of “ indi- 
viduals ” undergoing reproduction by the process of mitosis. There are 
two very distinct environmental forces in the life of such an embryo. 
One we may call the “external environment,” as exemplified by the 
surroundings of the embryo, the other we may call the “internal en- 
vironment” which includes the relationships between cells (indi- 
viduals) within the embryo. During the gastrula stage the internal 
environment is relatively simple, but as the embryo grows we find that 
complexities appear one after another. As the number of cells (indi- 
viduals) increase, we find that the number of types of cells (species) 
increase as well (differentiation of tissues). This may be considered 
largely the result of differences in the internal environment in which 
certain cells or groups of cells find themselves. Nutrition, and un- 
doubtedly to a large extent internal secretions, play the leading parts 
among the influences of the internal environment. 

The young mammal shortly before sexual maturity has thus reached 
a point where a steady process of cell division (multiplication of indi- 
viduals) within many definite types of tissue (many species) is in 
progress. Now into this more or less balanced condition is introduced 
the secretions of the newly active sex glands, ovaries or testes, as the 
case may be. At once the internal environment is fundamentally 
changed. By the circulation the modifications introduced by these 
secretions are transmitted through the body, reaching all types of cells 
in all localities. It is as though in a given isolated geographic unit, 
populated by a fauna of many species, a certain food tree was intro- 
duced in great numbers in addition to the somewhat similar types of 
food trees formerly there. This new tree provides food which gives 
certain species of animals in certain localities more suitable nutrition 
than they have yet obtained. The result is rapid growth and repro- 
duction of that particular species, while the others near it may be un- 
affected, or may even suffer by the rapid multiplication of the favored 
species. 

It is obvious that changes in the internal environment will be fre- 
quent. The cyclic changes of the reproductive system, including also 
the changes of pregnancy and of lactation, undoubtedly represent fun- 
damental upsets of the equilibrium of the internal environment. The 
same, of course, holds for retrogressive changes such as accompany 
the cessation of activity of the reproductive system and the progressive 
changes of approaching senility. 

To any biologist, it will have long ago suggested itself to question 
the influence of the inherent physico-chemical nature of the cell ma- 
terial. Undoubtedly this is a matter of fundamental importance, for 
it is in the reaction of the cells to the influences and agencies of the 
internal environment that initiation, continuation and control of cell 
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1 
arge extent the behavior of the fundamental factors influ 
internal environment. As we attempt, however, to analy 
portant hereditary factors, we are in man faced with certa 
facts. Inadequate methods of observation, diagnosis and re 
magnified effects of environment due to a long life evele: sma f 
bers of young, and a deliberate system of out-breeding whic 


pletely mixes and confuses the material with which we hav 
force us to the conclusion that studies of hereditary tendencies 
cer in man as they are at present carried on, will yield little, 
thing, of value to the subject under consideration. We ma 
say that present indications are that genetic studies with lower J 
mals, while having proved definitely the existence of hereditat 
encies to cancer, indicate that a complex type of inheritance is 
which could at best be of negligible importance as a practical 
tive or protective Measure In Man. 

This may give the erroneous impression that genetic studies 
with lower animals are superfluous in the field of cancer res 
This would be most unfortunate, however, for it appears certa 
the etiology of cancer is a problem of growth and differentiatio 
such is essentially biological in nature. It may therefore be appre 
perhaps with marked success, through genetic investigations wit] 
idly breeding small mammals in which a study of the biological 
fundamentally important can, under proper circumstances, 


accomplished. 
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al government is the work of the 
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revenues epend pon a Tprpoas ol 
ater from the hills and the additiona 
fact that stripping the hills of mber 
yro n ins the Wate SUp pis ny 
» the e of forest protection a very 
trong influence 
In the interior of British Columbia, 
tron hich the accompanying photo 
graphs ere taken, irrigation ha 
reached a high degree of perfection 
Barren lands were bought up on 
panies at a few dollars an acre an 
resold at a thousand dollars an aere 
Those who have bought at these prices 
have in numbers of cases made large 
profits from fruit cultivation Che 
growth of fruit trees and of the fruit 
ery rapid because of the steady 
upply of moisture, although the quality) 


product is regarded by many as 


not quite equal to that of non-irri 
gated lands. 
SCIENTIFIC ITEMS 
De. CHARLES Horact Mayo, of 


Rochester, Minn., was elected president 


of the American Medical Asociation at 
the recent Detroit meeting. Dr. Wil 


Mayo, his brother, was presi 
Dr. M. 


professor metallurgy it 


liam .J. 


dent 1906, Henry Howe, 


of 


In 


emeritus 
Columbia University, has been appointed 
honorary vice-president of the Iron and 
Institute of At 
a meeting of the Texas chapter of the 


Xi, 


Steel Great Britain 


Society of the Sigma on June 5, 


SCTENTIFIC 
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Dr. Frederic W Simonds, profes 
geology in the University of Texas, wa 
evected president fo the vear. 1) 
Simonds was one of the first five vra 
ate students elected to membersh 
the Cornell chapter 
THE International Health Comn 
sion of the Rockefeller Foundat on, sent 
to Brazil to make a general me , 


survey of the southern art 


| 
The min 


ssor Richar \I 


country, has returned 


sion consisted of Profe 


Pearce, of the University of Penns 
vania, chairman: Major Bailev K. A 
ford, of the U. S. Medical Corps: D 
John A. Ferrell, of the Internati 
Health Commission, at a secreta 
They were absent for abo 
months and the work included a st 
of the general educational svst 
brazil, the medical schools, h 

and «dispensaries, and publ heal*‘] 
panization The Carnegie I 
expedition to Tobago, British W 

T nelle Was exceptionally Suces 

The outhwestern end of Tobay 

sist of elevated coral-bearing mie 
‘tones and the coast from Milford Ba 
orthward is flanked by an ern cora 
reef. Dr. Hubert Lyman Clark, of 
Harvard University, collected 73 spe 


of echinoderms in this 


Dr. Th. 


hagen University, reared 


region, al 
Mortensen, wel 
10 


amony 


these of Co} 


throughout 
their larval stages; them a 


Tropiometra which was abu 
reef-flats. Dr. A 


erinoid 
ant over the shallow 
G. Mayer studied the Siphonophores, th 
pelagic life being abundant, due to the 
that the water of the 
drift of the Atlantic 
mediately upon the 
The coastal waters of Tobago are those 
of 
the 


fact great 


kes it 


Tobago. 


equa 
torial str 
coast of 


the clear blue tropical ocean, for 


to the 


of Trinidad. 


island lies northward of the 


muddy shores 





